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DNA AMPLIFICATION AND SEQUENCING IN COLLAPSIBLE EMULSIONS 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a method of performing a chemical reaction, in 
particular a small-scale chemical reaction. The method involves the use of two (or more) 
phases which, when formed into an emulsion, have the characteristic of being subject to 
"collapse" under certain physical or chemical conditions such that the discontinuous 
phase dispersed in the emulsion becomes a substantially continuous phase - the chemical 
reaction taking place in the newly-formed continuous phase. 

The method is particularly applicable in the field of molecular biology since it 
allows submicrolitre-scale chemical and enzymatic reactions to be carried out using 
microlitre-scale liquid handling equipment. 
BACKGROUND 

Any discussion of the prior art throughout the specification should in no way be 
considered as an admission that such prior art is widely known or forms part of common 
general knowledge in the field. 

There has been a general trend to performing chemical and enzymatic reactions 
on a smaller and smaller scale. This has been driven by both the high cost of many 
reagents and the increased sensitivity of modern analytical equipment. For example, the 
cost of DNA sequencing reagents has been reported to be responsible for greater than 
30% of the total cost of obtaining sequence data from a specific DNA template (Nakane 
et al, 2001). Consequently, many laboratory reactions are now performed on a 
microUtre-scale (e.g. 3-10 microlitres). While this has led to significant cost savings, 
there are two major technical hurdles limiting further reductions in reaction scale. The 
first of these is evaporation, in particular for those reactions that involve sample heating 
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(e.g. PCR and cycle DNA sequencing). The rate of evaporation is a function at least of 
four factors: the temperature of the sample, the temperature of the environment, the 
humidity of the environment, and the surface to volume ratio of the sample. While the 
first three of these factors can be controlled to some degree by careftd experimental 
5 design, an increase in the surface to volume ratio is an inherent consequence of smaller 
volumes. Therefore, as the volume of a sample or reagent solution becomes smaller, it 
becomes increasingly difficult to prevent evaporation of the sample. 

Mineral oil overlays have been used in polymerase chain reaction (PCR) 
protocols in order to avoid evaporation of the sample. The reaction is prepared in the 

1 0 standard manner and an aliquot of mineral oil is added to the final reaction mix prior to 
temperature cycling (Saiki et al. 9 1988). Since the aqueous phase remains beneath the 
mineral oil overlay during the PCR, this can be an effective method of preventing 
evaporation - particularly during the DNA denaturation step that takes place at high 
temperatures. It does not, however, address or alleviate the problem of dispensing 

1 5 reagents in small volumes for small-scale chemical reactions. 

The second major hurdle faced in reducing the scale of chemical and enzymatic 
reactions is the accuracy of the fluid handling equipment found in most laboratories. 
The transfer of fluids from one container to another is one of the most common tasks 
performed in a typical chemical or biological laboratory. For example, the process of 

20 DNA sequencing requires the addition of separate solutions of template, primer, buffer, 
enzyme and nucleotides, to the reaction vessel. These processes are currently performed 
either by hand using manual pipettors, or automatically using robotic pipetting 
instruments. However, standard manual pipettors cannot accurately transfer volumes of 
less than one microlitre (Meldrum et al. 9 2000). Further, automated robotic liquid 
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• handling systems are often less accurate than manual systems, thus effectively limiting 
high throughput applications to reaction volumes of greater than five microlitres 
(Meldrum et al, 2000). 

To overcome these limitations high precision systems have been developed, 
Seubert et al. describe in US Patents 5,785,926 and 6,218,193 a high precision, small 
volume fluid processing system employing open-ended capillaries to meter, aliquot and 
mix nanolitre-scale volumes of sample fluids and reagents. A similar system, based on 
disposable pipet tips, has been described by Nakane et al. for performing DNA 
sequencing reaction in volumes of less than one microlitre (Nakane et aL 9 2001). Wiktor 
describes in US patent 6,323,129 a piezoelectric pipetting system capable of accurate 
liquid transfers as small as 100 nanolitres. Hadd et al. describes a system for performing 
500 nanolitre DNA sequencing reaction in fused-silica capillaries (Hadd et al., 2000). 

While these systems are capable of performing nanolitre-scale reactions, they 
require the use of highly specialised and expensive equipment not generally available to 
most investigators. Furthermore, these systems require the use of high precision 
consumables, such as glass capillaries and pipet tips, which are often significantly more 
expensive than standard laboratory consumables. Finally, these systems present 
difficulties in workflow integration as the reactions are performed in non-standard sized 
reaction vessels. 

Therefore, a need exists for a system capable of performing chemical and 
enzymatic reactions on a nanolitre-scale that employs standard microlitre-scale fluid 
handling equipment and reaction vessels. The system should also preferably prevent 
evaporation of the reaction, both during set up and during the reaction, especially those 
applications requiring high temperature incubation (i.e. DNA sequencing and PCR). 
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Preferably, the system should also be capable of being integrated into current high- 
throughput applications (e.g. DNA sequencing andPCR). 

It is an object of the present invention to provide a method that will ameliorate at 
least some of the deficiencies of the prior art or will provide a useful alternative. 

5 

SUMMARY OF THE INVENTION 

It has surprisingly been found that a chemical reaction can be performed by 
introducing a discontinuous first phase comprising at least one of the reactants, into a 
continuous second phase by forming an emulsion, subjecting the emulsion to a physical 

10 or chemical change such that the discontinuous first phase coalesces to a substantially 

continuous phase and providing conditions in which the chemical reaction can take place 
in the newly formed continuous first phase. 

One of the major advantages of such a method is that it is especially suited to 
accommodate the use of microlitre-scale equipment to perform submicrolitre-scale 

1 5 reactions - in particular in applications relevant to molecular biology. In fact, the 

present invention provides a system that can be used to perform chemical and enzymatic 
reactions on a nanolitre-scale utilising currently available microlitre-scale fluid handling 
equipment and reaction vessels. 

Specifically, the present invention allows the transfer of the reaction components 

20 to the reaction vessel in the form of one or more emulsions in which, for example, a 

relatively large inert phase may form the continuous phase and a relatively small aqueous 
phase may form the discontinuous phase. Once the emulsions have been transferred to 
the reaction vessel in the desired quantities, a physical or chemical change is induced, for 
example by a change in the physical conditions or by the addition of other chemical 
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compounds, such that the aqueous and inert phases separate and a substantially 
continuous aqueous phase is formed. Conditions are provided such that the desired 
chemical reaction occurs in the aqueous phase. The use of emulsions of different 
discontinuous phasercontinuous phase ratios allows the reaction to be scaled to the 
sensitivity of the analytical equipment used rather than the fluid handling equipment 
available. For example, a 500-nanolitre reaction can performed using five microlitres of 
a 10:1 inertraqueous phase emulsion. 

This invention may further avoid introducing potentially detrimental effects 
associated with reagent dilution that may otherwise cause the chemical reaction to fail 
(e.g. in DNA sequencing). Creation of the emulsion does not dilute the concentration of 
reagents contained within the discontinuous phase. Thus this makes the present 
invention highly suitable for applications in which the concentration of the reactants is 
critical (e.g. most enzymatic reactions). 

The present invention further provides a system capable of preventing significant 
sample evaporation, especially for those applications that require high temperature 
incubations, such as polymerase chain reactions (PCRs). 

In addition, the present invention further provides a system that can be integrated 
into current high-throughput systems. 

Other advantages of the present invention will become apparent from the 
description that follows. 

Accordingly, in a first aspect, the present invention provides a method of 
performing a chemical reaction between reactants comprising: 
(a) subjecting an emulsion comprising 
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(i) a discontinuous first phase in which at least one of the reactants is 
present; and 

(ii) a substantially continuous second phase, 

to a physical or chemical change such that a substantially continuous 
5 phase is formed from the discontinuous phase; and 

(b) providing conditions in which the chemical reaction between the reactants 
takes place. 

Preferably, the discontinuous first phase is an aqueous phase and preferably, the 
continuous second phase is an inert or an organic phase. However, it will be clear to the 
10 skilled addressee that the first phase may be an inert or organic phase, and the second 
phase may be an aqueous phase. 

According to a second aspect, the present invention provides a method of 
performing a chemical reaction between reactants in an aqueous phase comprising: 
(a) subjecting an emulsion comprising 
15 (i) a discontinuous aqueous phase in which at least one of the 

reactants is present; and 
(ii) a continuous inert phase, 

to a physical or chemical change such that a substantially continuous 
aqueous phase is formed; and 
20 (b) providing conditions in which the chemical reaction between the reactants 

takes place. 

Preferably, the chemical reaction is a reaction selected from the group consisting 
of: DNA sequencing, Polymerase Chain Reaction (PCR), Rolling Circle Amplification 
(RCA), Ligase Chain Reaction (LCR), Rapid Amplification of cDNA Ends (RACE), 
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reverse-transcriptase PCR (RT-PCR), DNA fingertyping, DNA genotyping, 
endonuclease-restriction digest, DNA ligation, DNA phosphorylation, DNA methylation, 
DNA labelling, ribonucleic acid (RNA) digestion, proteolytic digestion, and protein 
modification. Protein modification may be by, for example, glycosylation or 
phosphorylation. More preferably, the chemical reaction is DNA sequencing or PCR. It 
is clear, however, that the method of the invention is not limited to the reactions 
mentioned above and can be used for any suitable chemical reaction. The skilled 
addressee will be able to determine, based on the nature of the reactants, the types of 
reactions for which the method of the invention would be suitable. 

Preferably, the reactants are selected from the group consisting of: DNA, RNA, 
mRNA, proteins, enzymes, salts, radioactive isotopes, carbohydrates, or other organic 
and inorganic molecules although it will be clear that other reactants are also possible 
and will be easily identifiable by the skilled addressee. When the reactant is DNA, it 
may be, for example, gDNA, cDNA, mDNA, primer DNA, plasmid DNA or a PCR 
product. When the reactant is an enzyme, it may be a DNA polymerase, RNA 
polymerase, reverse transcriptase, restriction endonuclease, DNA methylase, 
polynucleotide kinase, nucleotide 

transferase, DNA ligase, RNA ligase, protease, or other DNA, RNA or 
protein modifying enzyme. 

Clearly, as described in the examples below (eg. Examples 5, 6 and 10), one or 
other of the reactants may not necessarily be present in the continuous OR discontinuous 
phase when the continuous and discontinuous phases are combined. For example, when 
a polymerase chain reaction (PCR) or DNA sequencing reaction is set up, the template 
DNA may initially be present in a dry form in the vessel into which the continuous and 
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discontinuous phases are placed. At least a portion of the template DNA will, over time, 
migrate to the aqueous phase - the extent and rapidity of this migration will depend on 
the reaction conditions and it may occur before, during and/or after the collapse of the 
emulsion. 

Preferably, the aqueous phase is in a submicrolitre volume and more preferably, 
it is in a nanolitre volume ranging from 5 to 1000 nanolitres. The final composition of 
the aqueous phase can be chosen to allow for optimal conditions for a given chemical or 
biochemical reaction to occur. 

The person skilled in the art will recognise that the invention is not limited to any 
particular type of emulsion provided it allows for the formation of a substantially 
continuous phase to be formed from the discontinuous phase when subjected to the 
physical or chemical change. A mixture of emulsions may also be used. 

Preferably, the emulsion is prepared by combining a first and second emulsion 
wherein 

(a) the first emulsion comprises a first aqueous phase and a first inert phase 
wherein the first aqueous phase comprises a first reactant; and 

(b) the second emulsion comprises a second aqueous phase and a second 
inert phase wherein the second aqueous phase comprises a second 
reactant. 

In a particular preferred embodiment, the first and second inert phases are the 
same but the first and second aqueous phases are different. It will be clear to the person 
skilled in the art that such a system can be used to effectively control the timing of the 
chemical reaction, i.e. given that the aqueous phases are different, the conditions can be 
arranged such that the reactants only combine and react once the substantially continuous 
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phase has been produced and this can be controlled by timing the physical or chemical 
change. 

Li another embodiment, the emulsion comprises a single inert phase and two or 
more different aqueous phases comprising different reactants. This type of emulsion can 
be of use, for example, when one reactant is required in a small but accurate amount and 
a second reagent can be provided in a larger, more easily manipulated amount. The first 
reactant can be prepared in an emulsion comprising an inert phase and an aqueous phase, 
the aqueous phase comprising the reactant. The second reactant (in aqueous phase only) 
can be added to the emulsion. Upon being subjected to the physical or chemical change, 
the aqueous phases will be combined in the substantially continuous phase. 

It will also be clear to the skilled addressee that when two or more emulsions are 
used, the inert phases of the emulsions may be different. If the inert phases are different, 
they must be compatible such that they still allow for the formation of a substantially 
continuous aqueous phase when subjected to the physical or chemical change. 

It is well within the competence of the skilled addressee to identify suitable inert 
phases. It will be understood that any suitable inert phase may be used provided that 
when combined with a discontinuous aqueous phase, a physical or chemical change can 
induce the collapse of the inert phase such that a substantially continuous aqueous phase 
is formed. 

A desirable inert phase will not adversely affect the chemical reaction to be 
performed in the aqueous phase. The choice of inert phase used should therefore be 
made by considering the reactants, and the type of chemical reaction to be performed, 
and choosing the inert phase that will have the lowest solubility in the aqueous phase and 
the least adverse effect on the reactants and chemical reaction. 
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Suitable inert phases may include, for example, non-polar water-immiscible 
compounds or compositions such as, for example, hydrocarbons. The hydrocarbons may 
be of various chain-lengths (e.g. pentane, hexane, heptane, octane, nonane, decane, 
dodecane, hexadecane, octadecane, eicosane, squalane and the like), various branching 
5 (e.g. 7-methyl- 1 ,6-octadiene or 2,2,4-trimethylpentane), various bonding (e.g 1 - 
dodecene, 1 -hexadecane, squalene), or ring structure (e.g. cyclohexane or 
propylcyclohexane) and may have a variety of substituents eg. chloro fluoro 
hydrocarbons. 

Other inert phases which may be suitable in some applications of the present 
10 invention are the various natural or non-natural mixtures of hydrocarbons of defined, 

incompletely defined or undefined composition, such as mineral oil or petroleum oil, that 
cannot be directly mixed with water. 

In some applications, a polysiloxane compound may be employed as the inert 
phase. Volatile or non-volatile polysiloxanes may be useful, including compounds such 
15 as cyclic dimethyl polysiloxanes having from three to six silicon atoms, such as 
cyclomethicone, as well as suitable linear or branched polysiloxanes. 

Preferably, the inert phase is selected from the group consisting of: mineral oil, 
hexadecane, dodecane and n-hexane. 

According to the present invention, the aqueous phase and the inert phase are 
20 mixed such that preferably a quasi-homogenous emulsion is formed between them. 

Formation of emulsions can be facilitated and stabilised by the presence of surface active 
agents (surfactants). Three general types of surfactants exist - non-ionic, ionic, and 
zwitterionic (Helenius et aL, 1979; Neugebauer, 1990). 

Preferably, the emulsion comprises a surfactant. 
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Examples of non-ionic surfactants which may be useful in the present invention 
include, but are not limited to: APO-10, APO-12, BRU-35, C8E6, C10E6, C10E8, 
C12E6, C12E8 (Atlas G2127), C12E9, C12E10 (Brij 36T), C16E12, C16E21, 
cyclohexyl-«-ethyl-beta-D-maltoside,cyclohexyl-«-hexyl-beta-D-maltoside, cyclohexyl- 
5 H-methyl-beta-D-maltoside, «-decanoylsucrose, n-decyl-beta-D-glucopyranoside,n- 
decyl-beta-D-maltopyranoside, n-decyl-beta-D-thiomaltoside, «-dodecanoylsucrose, n- 
dodecyl-beta-D-glucopyranoside, «-dodecyl-beta-D-maltoside, genapol C-100, genapol 
X-80, genapol X-100, HECAMEG, heptane-l,2,3-triol, w-heptyl-beta-D- 
glucopyranoside, n-heptyl-beta-D-thioglucopyranoside, LUBROL PX, MEGA-8 
10 (ocatanoyl-N-methylglucamide), MEGA-9 (nonanoyl-N-methylglucamide), MEGA- 10 
(decanoyl-N-methylglucamide), »-nonyl-beta-D-glucopyranoside, NonidetP-10 (NP-10), 
Nonidet P-40 (NP-40), «-octanoyl-beta-D-glua>slyamine (NOGA), n-octanoylsucrose, n- 
octyl-aZ/j/ja-D-glucopyranoside^-octyl-beta-D-glucopyranoside, «-octyl-beta-D- 
maltopyranoside, PLURONIC F-68, PLURONIC F-127, THESIT, TRITON X-100 (tert- 
C8-0-E9.6;like NP-40), TRITON X-100 hydrogenated, TRITON X-l 14 (terf-C8-0-E7- 
8), TWEEN 20 (C12-sorbitan-E20;Polysorbate 20), TWEEN 40 (Cie-sorbitan^O), 
TWEEN 60 (C18-sorbitan-E20), TWEEN 80 (C18:l-sorbitan-E20), «-undecyl-beta-D- 
maltoside, cetearyl alcohol, hydrogenated tallow alcohol, lanolin alcohols, palmamide, 
peanutamide MIPA, PEG-50 tallow amide, cocamidopropylamine oxide, lauramine 
oxide, PEG-8 dilaurate, PEG-8 laurate, PEG-4 caster oil, PEG- 120 glyceryl stearate, 
triolein PEG-6 esters, glycol stearate, propylene glycol ricinoleate, glyceryl myristate, 
glyceryl palmitate lactate, polyglyceryl-6 distearate, polyglyceryl-4 oleyl ether, methyl 
gluceth-20 sesquistearate, sucrose distearate, polysorbate-60, sorbitan sequiisostearate, 
trideceth-3 phosphate, trioleth-8 phosphate, ceteareth-10, nonoxynol-9, PEG-20 lanolin, 
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PPG-12-PEG-65 lanolin oil, dimethicone copolyol, meroxapol 314, poloxamer 122, 
PPG-5-ceteth-20 and lauryl glucose. 

Examples of ionic surfactants which maybe useful in the present invention 
include, but are not limited to: caprylic acid (n-octanoate), cetylpyridinium chloride, 
5 CTAB (Cetyltri-methylammonium bromide), cholic acid, decanesulfonic acid, 
deoxycholic acid, dodecyltrimethyl-ammonium bromide, glycocholic acid, 
glycodeoxycholic acid, lauroylsarcosine (sarkosyl), lithium n-dodecyl sulfate, 
lysophosphatidyl-choline, sodium n-dodecyl sulfate (SDS, lauryl sulfate), 
taurochenodeoxy- cholic acid, taurocholic acid, taurodehydrocholic acid, 

10 . taurodeoxycholic acid, taurolithocholic acid, tauroursodeoxycholic acid, 

tetradecyltrimethyl- ammonium bromide (TDTAB), TOPPS, di-TEA-palmitoyl 
aspartate, sodium hydrogenated tallow glutamate, palmitoyl hydrolysed milk protein, 
sodium cocoyl hydrolysed soy protein, TEA-abietoyl hydrolysed collagen, TEA-cocoyl 
hydrolysed collagen, myristoyl sarcosine, TEA-lauroyl sarcosinate, sodium lauroyl 

15 taurate, sodium methyl cocoyl taurate, lauric acid, aluminium stearate, cottonseed acid, 
zinc undecylenate, calcium stearoyl lactylate, laureth-6 citrate, nonoxynol-8 carboxylic 
acid, sodium trideceth-13 carboxylate, DEA-oleth-10 phosphate, dilaureth-4 phosphate, 
lecithin, sodium cocoyl isethionate, sodium dodecylbenzene sulfonate, sodium 
cocomonoglyceride sulfonate, sodium CI 2- 14 olefin sulfonate, sodium CI 2- 15 pareth- 

20 15 sulfonate, sodium lauryl sulfoacetate, dioctyl sodium sulfosuccinate, disodium 
oleamido MEA-sulfosuccinate, ammonium laureth sulfate, sodium CI 2- 13 pareth 
sulfate, MEA-lauryl sulfate, cocamidopropyl dimethylamine lactate, dimethyl lauramine, 
soyamine, steaiyl hydroxyethyl imidazoline, PEG-cocopolyamine, PEG- 15 tallow amine, 
benzalkonium chloride, quaternium-63, oleyl betaine, sodium lauramidopropyl 
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hydroxyphostaine, cetylpyridinium chloride, isostearyl ethyliimdonium ethosulfate, 
cocamidopropyl ethyldimonium ethosulfate, hydroxyethyl cetyldimonium chloride, 
quatemium-18 and cocodimonium hydroxypropyl hydrolysed hair keratin. 

Examples of zwitterionic surfactants which may be useful in the present 
invention include, but are not limited to: BigCHAP, CHAPS, CHAPSO, DDMAU, 
EMPIGEN BB (N-dodecyl- N,N-dimethylglycine), lauryldimemylamine oxide (LADAO, 
LDAO, Empigen OB), ZWITTERGENT 3-08, ZWITTERGENT 3-10, ZWITTERGENT 
3-12 (3-dodecyl-dimethylammonio-propane-l-sulfonate), ZWITTERGENT 3-14, 
ZWITTERGENT 3-16, disodium cocoamphocarboxymethylhydroxy-propylsulfate, 
disodium cocoamphodipropionate, sodium cocoamphoacetate, sodium lauroampho PG- 
acetate phosphate, sodium tallow amphopropionate, sodium 
undecylenoamphopropionate, aminopropyl laurylglutamide, dihydroxyethyl soya 
glycinate and lauraminopropionic acid. 

Other examples of suitable surfactants may be found in standard reference texts 
such as the Cosmetics and Toiletries Surfactant Encyclopedia ((1996) M.M. Rieger, 2 nd 
Ed., published by Allured Publishing Corporation, Carol Stream, IL 60188 2787, USA or 
McCutcheon's Emulsifiers and Detergents (2002) published by MC Publishing Co., 
Glen Rock, NJ 07452, USA). 

Preferably, the surfactant is TRITON X-100 or TRITON-Xl 14. 
Preferably, the physical or chemical change is a change in temperature, pressure 
or exposure to a chemical compound. It will be clear to the skilled addressee that any 
physical or chemical change that results in the formation of a substantially continuous 
aqueous phase from an emulsion of an inert phase and a discontinuous aqueous phase is 
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also contemplated. Preferably, the physical change is a change in temperature. In one 
embodiment, the chemical change is the addition of glycerol. 

When the chemical reaction is a DNA sequencing or PCR reaction, the inert 
phase preferably comprises mineral oil and the surfactant preferably comprises TRITON 
5 X-100orTRTCON-X114. 

The appropriate ratio of the discontinuous phasercontinuous phase (eg. aqueous 
phase:inert phase) will be easily determined by the skilled addressee upon reasonable 
trial and error. For example, in some applications, ratios of aqueous to inert phases in 
the range of 1 :4 to 1 : 1 9 will be useful. When the chemical reaction is a DNA 
10 sequencing reaction, it is preferably performed using an aqueous phase between two 
microlitres and 500 nanolitres and a final volume of emulsion of 10 microlitres. 

It will be understood that although step (b) of the method is mentioned last, the 
environmental conditions in which the chemical reaction between the reactants takes 
place may be present at any time during the performance of the method eg. the 
1 5 conditions may be present when the emulsion is prepared and/or when the substantially 
continuous aqueous phase is formed and/or at some time thereafter. For example, if the 
chemical reaction takes place at a particular temperature, eg. 37°C, two emulsions each 
comprising a reactant could be mixed at this temperature, the substantially continuous 
aqueous phase could be formed at this temperature by the addition of a chemical and the 
20 chemical reaction could be allowed to proceed at the same temperature. 

It will be clear to the skilled addressee that the substantially continuous aqueous 
phase may be removed from the inert phase or vice versa prior to being subjected to 
conditions at which the chemical reaction proceeds or, alternatively, that the aqueous 
phase and the inert phase may be submitted to the reaction conditions together. Removal 
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of the inert phase may be by, for example, manually removing it by suction (eg. using a 
pipette). Alternatively, removal of the inert phase may be by changing the 
environmental conditions such that the inert phase evaporates or vaporises leaving the 
aqueous phase. Inert phases that may be suitable in these applications include n-hexane 
or chloro fluoro hydrocarbons. 

According to a third aspect, the present invention provides a method of 
performing a chemical reaction between at least two reactants in an aqueous solution 
comprising: 

(a) combining a first emulsion in which an aqueous solution comprising a 
first reactant is emulsified in a first inert phase, with a second emulsion in which an 
aqueous solution comprising a second reactant is emulsified in a second inert phase; 

(b) subjecting the mixture to a physical or chemical change such that the 
emulsions collapse and the emulsified aqueous solution coalesces into a substantially 
single or substantially continuous aqueous phase; 

(c) subjecting the aqueous phase to conditions in which the chemical reaction 
between the reactants takes place. 

According to a fourth aspect, the present invention provides a method of 
performing a chemical reaction between reactants in an organic phase comprising: 
(a) subjecting an emulsion comprising 

(i) a discontinuous organic phase in which the reactants are present; 
and 

(ii) a continuous aqueous phase, 

to a physical or chemical change such that a substantially continuous 
organic phase is formed; and 
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(b) providing conditions in which the chemical reaction between the reactants 
takes place. 

According to a fifth aspect, the present invention provides a method of 
performing a chemical reaction between at least two reactants in an organic solution 
5 comprising: 

(a) combining a first emulsion in which an organic solution comprising a first 
reactant is emulsified in a first aqueous phase, with a second emulsion in which an 
organic solution comprising a second reactant is emulsified in a second aqueous phase; 

(b) subjecting the mixture to a physical or chemical change such that the 
10- emulsions collapse and the emulsified organic solution coalesces into a substantially, 

single or substantially continuous organic phase; 

(c) subjecting the organic phase to conditions in which the chemical reaction 
between the reactants takes place. 

The skilled addressee will understand that although the above methods are 
15 designed to alleviate problems associated with small-scale chemical reactions, and in 
particular reactions performed at the nanolitre level, the invention is not confined to use 
in sub-microlitre reactions and can be used in any application in which it is required or 
desired (for any reason) to have a relatively high volume of a reactant at the time it is 
included in a reaction mixture and a relatively low volume of the reactant at the time it is 
20 reacted. 

In the context of the present invention, the term "emulsion" includes any solution 
in which a discontinuous first phase is dispersed in a continuous second phase. An 
emulsion in the context of the present application can be produced by any means, 
including physical agitation of the phases, the addition of surfactants to the phases, 
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sonication or spraying. When reference is made in the specification to the emulsion 
"collapsing" this is the point at which the discontinuous first phase coalesces to become 
a substantially continuous first phase. "Collapse" may be brought about by any physical 
or chemical means including a shift in temperature or pressure or exposure to a chemical 
compound. "Collapse" may also include vaporisation or evaporation of the second 
phase. 

Id the context of the present invention, the term "inert phase" includes a 
compound or composition the primary function of which is to act as a "bulking" agent. 
For example, when the chemical reaction takes place in an aqueous phase, the inert 
phase preferably is substantially immiscible with water or has a low partition coefficient 
in water. Typically, the lower the partition coefficient in water the better but this 
characteristic will have to be balanced with consideration of other parameters such as the 
types of reactants and reaction conditions required. The skilled addressee will readily 
determine the degree of water solubility of the inert phase tolerable for any particular 
application. 

In other applications, for example, in which the chemical reaction takes place in 
an organic phase, the inert phase could be water. 

In the context of the present invention, the phrase "discontinuous phase" refers to 
a phase that is predominantly dispersed in another phase eg. by being emulsified. 

In the context of the present invention, the phrase "substantially continuous 
aqueous phase" refers to a phase that is predominantly in a continuous phase. 

Unless the context clearly requires otherwise, throughout the description and the 
claims, the words 'comprise', 'comprising', and the like are to be construed in an 
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inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense 
of "including, but not limited to". 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The invention may be more fully understood by reference to the accompanying 

figures to this application. 

Figure 1 The DNA sequence of the pCR®-Blunt II-TOPO® cloning vector (SEQ 
ID No. 1 ; Invitrogen, Carlsbad, CA, USA.) The binding-sites of the M13 outer forward 
(-47) and outer reverse (-48) primers are underlined. 

10 Figure 2 Agarose gel Showing the effect of TRITON X-100 titration on the 

product formation during a PCR reaction. Sample 1 is derived from the control PCR 
reaction and samples 2 - 6 are derived from 0.5, 1, 2, 4, or 8% Triton-X 100 in the 
reaction mix, respectively. The samples labelled lKb+ and X are marker lanes consisting 
of the 1Kb plus DNA ladder (Invitrogen, Carlsbad, CA, USA) and the Lambda 

1 5 DNA/Hind HI Marker (GeneWorks, South Australia.). 

Figure 3: Control of the interaction of ethidium bromide with DNA by inducing 
emulsion phase separation. The left tube contains dried DNA and an intact ethidium 
bromide containing emulsion. The middle tube contains dried DNA and a collapsed 
ethidium bromide containing emulsion. The right tube contains no DNA and a collapsed 

20 ethidium bromide containing emulsion. 

Figure 4: Agarose gel showing a PCR reaction in an emulsion reaction mix of 
Triton-X 100 and mineral oil. Sample 1 is the positive control PCR (no emulsion), 
samples 2 to 6 are derived from emulsion made from mineral oil and 0.5, 1, 2, 4, or 8% 
TRITON X-100, respectively. The samples labelled lKb+ and X are marker lanes 
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consisting of the 1Kb plus DNA ladder (Invitrogen, Carlsbad, CA, USA) and the 
Lambda DNA/Hind III Marker (GeneWorks, South Australia). 

Figure 5.1: DNA sequence of the pGEM-3Zf (+) plasmid (SEQ ID No. 2) with 
the binding-site of the Ml 3 (-20) forward sequencing primer underlined. 
5 Figure 5.2: DNA sequence of the M13mpl8 (+) strand plasmid (SEQ ID No. 3) 

with the binding-site of the M13 (-20) forward sequencing primer underlined. 

Figure 5.3: DNA sequence of a PCR product (SEQ ID No.4) with the binding- 
site of the M13 (-20) forward sequencing primer underlined. 

Figure 5.4: 377 Electropherogram of a non-emulsion control DNA sequencing 
10 reaction performed using pGEM-3Zf (+) plasmid as the template DNA. 

Figure 5.5: 377 Electropherogram of a DNA sequencing reaction performed in a 
Triton X-l 00/mineral oil emulsion using pGEM-3Zf (+) plasmid as the template DNA 
For further details see the text body. 

Figure 5.6: 377 Electropherogram of a DNA sequencing reaction performed in a 
Triton X-100/mineral oil emulsion using the M13mpl8 (+) strand plasmid as the 
template DNA. For further details see the text body. 

Figure 5.7: 377 Electropherogram of a DNA sequencing reaction performed in a 
Triton X-l 00/mineral oil emulsion using a PCR product as the template DNA. For 
further details see the text body. 

Figure 6.1: DNA sequence of the pUC18 plasmid (SEQ ID No. 5) with the 
binding-site of the primer pGemEcoRV underlined. 

Figure 6.2: Electropherogram of a DNA sequencing reaction performed in a 
hexadecane/ triton X-l 14 emulsion. For further details see the text body. 
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Figure 6.3: Electropherogram of a DNA sequencing reaction performed in a 
mineral oil/ octanol/ triton X-l 14 emulsion. For further details see the text body. 

Figure 6.4: Electropherogram of a DNA sequencing reaction performed in a 
mineral oil/ octanol/ triton X-l 00 emulsion. For further details see the text body 
5 Figure 7.1 : Electropherogram of a DNA sequencing reaction performed in a 

diluted standard system. For further details see the text body. 

Figure 7.2: Electropherogram of a DNA sequencing reaction performed in an 
emulsion system. For further details see the text body. 

Figure 8: Collapse of an emulsion and removal of the inert phase from the 
10 sampie'rThe left tube contains the intact emulsion with the aqueous phase 

homogenously dispersed as indicated by the red colour. The middle tube contains the 
collapsed emulsion after heat treatment with the aqueous phase (red) overlayed by the 
inert phase (clear). The right tube contains solely the aqueous phase after the inert phase 
has been evaporated. , 

1 5 Figure 9. Kpn I digest of pGEM3Zf(+) in a chemically collapsed emulsion. Lane 

1: The 90% intact non-collapsed emulsion control reaction (Sample 1). Lane 2: The 
thermally collapsed emulsion reaction (Sample 2). Lane 3: The chemically collapsed 
emulsion reaction (Sample 3). The relative mobilities of the circular and linear forms of 
the plasmid are indicated. 

20 Figure 10. Electropherogram of a DNA sequencing reaction performed in a 

collapsible emulsion with diluted sequencing chemistry. For further details see the text 
body. 
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Figure 11. Electropherogram of a DNA sequencing reaction performed in a 
collapsible emulsion with liquid DNA template addition. For further details see the text 
body. 

Figure 12.1. Electropherogram of a DNA sequencing reaction performed using a 
5 1 microlitre reaction volume and a 5 microlitre mineral oil overlay. For further details 
see the text body. 

Figure 12.2. Electropherogram of a DNA sequencing reaction performed using a 
1 microlitre reaction volume and a 10 microlitre mineral oil overlay. For further details 
see the text body. 

10 Figure 12.3. Electropherogram of a DNA sequencing reaction performed using a 

1 microlitre reaction volume and a 10 microlitre mineral oil overlay. For further details 
see the text body. 

Figure 12.4. Electropherogram of a DNA sequencing reaction performed using a 
1 microlitre reaction volume and a 10 microlitre mineral oil overlay. For further details 
15 see the text body. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method of performing chemical reactions, in 
particular reactions requiring reactants at volumes less than can be handled accurately 
using standard liquid-handling equipment. The invention allows, for example, the 
5 transfer of reaction components as an emulsion comprising a discontinuous first phase 
and a continuous second phase. For example, the discontinuous first phase may be an 
aqueous phase comprising reactants and the continuous second phase maybe an inert 
phase. At the appropriate time, a physical or chemical change in the conditions can be 
induced such that the phases separate and a substantially continuous phase is formed 
10 fromtfie discontinuous first phase, thus allowing the reaction to take place in this newly- 
formed continuous first phase. 

Importantly, the present invention allows the use of standard fluid handling 
equipment to perform reactions in the nanolitre-scale. The scale of the resultant reaction 
is governed by the volume of the discontinuous first phase contained within the 

15 emulsion, not by the volume of the continuous second phase. Thus, by the use of 
emulsions of high ratios of continuous second phaserdiscontinuous first phase, it is 
possible to perform aqueous reactions on a nanolitre-scale. For example, a 500-nanolitre 
reaction can be performed using five microlitres of a 10:1 inert:aqueous phase emulsion. 
When an aqueous phase is the discontinuous first phase, it may, for example, 

20 contain water-soluble compounds such as salts or other hydrophilic (macro-) molecules. 
The final composition of the aqueous phase can be chosen to allow for optimal 
conditions for a given chemical or biochemical reaction to occur. 
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In the examples provided herewith, the composition of the continuous second 
phase i.e. the inert phase, is chosen so as not to interfere to any detectable degree with 
reactants in the discontinuous first phase i.e. the aqueous reaction. 

It is contemplated that the present invention may be used in a wide variety of 
5 aqueous reactions. Examples of reactions that have been proven useful in various 
applications in the field of molecular biology, biotechnology, medical, pharmaceutical 
and agricultural technology are: DNA sequencing, Polymerase Chain Reaction (PCR), 
Rolling Circle Amplification (RCA), Ligase Chain Reaction (LCR), Rapid Amplification 
of cDNA Ends (RACE), reverse-transcriptase PCR (RT-PCR), DNA fingertyping and 
10 genotyping, endonuclease-restriction digest, DNA ligation,' DNA phosphorylation and 
methylation, DNA labelling, ribonucleic acid (RNA) digest, proteolytic digests, and 
protein-modification (e.g. glycosylate, phosphorylation) (Ausubel era/., 1998). Other 
methods for which the present invention will be useful will be recognised by the skilled 
addressee and fall within the scope of the present invention. 

A large number of detection methods have been developed to analyse the results 
of small-scale enzymatic and other chemical reactions (Pang & Yeung, 2000). The 
sensitivity of these detection methods has been markedly improved in recent years such 
that the reaction volume used in many reactions is in excess of the minimum required for 
detection (Meldrum et al, 2000). Technical advances have allowed several of the 
20 previously mentioned methods to be performed in a high-throughput (e.g. thousands of 
reactions performed per day) and high-density (e.g. thousands of reaction performed on a 
surface of less than 100 square centimetres) manner (Shandrick et al, 2002). In addition, 
many of the components used in these reactions are very expensive (Azadan et al, 2002; 
Leung et al, 2000). Consequently, it is desirable to perform each reaction in the 
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minimum volume required to enable detection, thus allowing further increases in 
throughput and density while reducing costs. Reaction volumes of less than one 
microlitre and within the nanolitre range have been found to be suitable for a number of 
detection technologies and reaction-formats (He et aL, 2000; Pang &Yeung, 2000; Soper 
5 et al 9 1998; Xue et aL, 2001). 

The examples below describe a method in which the addition of an inert liquid to 
an aqueous phase increases the overall volume of the system i.e. the inert liquid acts as a 
bulking agent. This allows for the volume of the aqueous phase comprising the reactants 
to be reduced below the level that can be handled by standard laboratory equipment. 
10 This inert phase consists of compounds that are not miscible with the aqueous phase. , 
Such compounds are, typically, non-polar and are unable to interact with water and other 
polar compounds. Examples of such compounds are provided under the "Summary of 
the Invention" heading above. 

In the examples provided below, the inert phase is chosen such that it does not 
15 interfere to any significant degree with the reaction that takes place in the aqueous phase. 
Non-interference is a function of the compound used and the chosen reaction to be 
performed. For example, the polymerase chain reaction (PCR) is not inhibited by the 
addition of mineral oil to the reaction. A mineral oil overlay is commonly used to 
prevent evaporation of the reaction during the DNA denaturation step (Saiki et al 9 1988; 
20 Shimura et al 9 2001). 

In accordance with the present invention, and as described in the following 
examples, the discontinuous first phase and the continuous second phase are initially 
mixed such that a quasi-homogenous state is formed between the two phases before 
handling. Such a 'liquid in a liquid* colloidal state, consisting of two otherwise 
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completely immiscible liquids, is often refeired to as an emulsion (Schramm, 1993). 
Formation of emulsions between an aqueous solution and a non-polar substance can be 
facilitated and stabilised by the presence of detergents. Three general types of surfactants 
exist; the non-ionic surfactants, the ionic surfactants, and the zwitterionic surfactants 
(Helenius et al, 1979; Neugebauer, 1990). Examples of such surfactants have been 
included under the "Summary of the Invention" heading above. 

In the examples that follow, an important property of the surfactants chosen is 
that their solubility in the aqueous phase and/or the inert phase can be changed, by either 
chemical or physical means, after formation of the emulsion. While solubility is an 
intrinsic property of each surfactant, it is also dependant on the composition of the phase 
it is dissolved in and the surrounding physical parameters (such as temperature or 
pressure). For example, a surfactant dissolved in water can be precipitated out (i.e. 
become insoluble) if high amounts of salt are added (Schott & Han, 1977; Schott & 
Royce, 1984). Furthermore, the solubility of many surfactants is dependent on the 
temperature. The temperature at which a particular surfactant becomes insoluble is 
known as its "cloud point" (Florence e * a L, 1975). 

An important consideration in the choice of surfactant used to form the emulsions 
described in the examples, was that it should not interfere with the chemical, or 
biochemical reaction performed in the aqueous phase. An example of a surfactant that is 
compatible with many enzymatic reactions is the non-ionic detergent TRITON X-100. 
This detergent is routinely added to the reaction buffers used in the polymerase chain 
reaction and is compatible with the activity of Tag DNA polymerase (eg. Tag DNA 
polymerase 10 x reaction buffer (Promega, WI, USA) contain 0.1% TRITON X-100). 
An additional consideration in the examples provided in the present application was that 
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the detergent chosen should provide an emulsion of sufficient stability and viscosity such 
that it can be handled using standard fluid handling equipment 

The examples describe the formation of a stable emulsion between an aqueous 
and an inert phase that can be collapsed by changing the solubility of the surfactant in 
5 either phase. Changes to the solubility of the surfactant will cause a separation of the 
emulsified phases into two easily distinguishable volumes. For example, the emulsion 
fonned between water and mineral oil in the presence of TRITON X-100 is stable at 
room temperature but collapses into an aqueous and an inert phase upon heating above 
65°C. 

; 10 In the examples, the emulsion is collapsed by a physical or chemical change to 

allow the aqueous phase to coalesce into a substantially continuous phase. In the 
emulsified state the aqueous phase is contained in a large number of small volumes 
surrounded by surfactants that are in turn surrounded by the inert phase. These small, 
dispersed volumes are often referred to as micelles. While enzymatic reactions have 

15 been performed within emulsions (Luisi et al. 9 1988; Walde et al 9 1988), the efficiency 
of many reactions is less than that found in solely aqueous environments. For example, 
the processivity of the Klenow fragment of DNA polymerase I is greater in a purely 
aqueous phase than in a number of different emulsion systems (Anarbaev et a/., 1998). 
Collapsing an emulsion into two separate phases, and allowing the reaction to 

20 proceed in a solely aqueous environment achieves improvements in the efficiency of 
certain reactions. Furthermore, the collapse of the emulsion into two phases can allow 
the aqueous phase to interact with other components outside the emulsion. Interaction of 
the reaction phase with other components can be used to improve, inhibit, start, or stop 
the reaction. For example, if an emulsion containing a particular enzymatic substrate 
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within the aqueous phase is added to a reaction vessel containing the enzyme then the 
substrate encapsulated in a micelle-structure will not be able to interact with the enzyme. 
Collapse of the emulsion provides access of the enzyme to the substrate allowing the 
reaction to occur. By this means a given reaction can be initiated by control of the 
conditions leading to emulsion collapse. 

Different emulsions containing different phases can be mixed together without 
allowing the phases to interact. Upon collapse of the emulsions, the different reaction 
phases can interact, allowing control over reaction conditions and timing. 

In the examples provided, a smaller aqueous volume is emulsified with a larger, 
inert volume. This emulsion can be handled with standard fluid handling tools (e.g. 
pipettes or robotic equipment). Upon performing the manipulation required to perform 
the reaction, a phase separation is induced by changing the solubility of the emulsifying 
surfactant. As a result a small aqueous phase has been manipulated without the use of 
specialised equipment. It is apparent that by maintaining a low ratio between the 
aqueous and inert phases that a small aqueous volume (e.g. less than a microlitre) can be 
handled as an emulsion of a larger volume (e.g. 10 microlitres or more). 

The examples show that collapsible emulsions maybe used in DNA sequencing 
reactions. The emulsions used in the examples significantly reduce the amount of 
reagents required for each DNA sequencing reaction and hence lead to a reduction of the 
overall cost of DNA sequencing. Ratios of aqueous to inert phases in the range of 1 :4 to 
1:19 have been successfully used. This allows DNA sequencing reactions to be 
performed in effective volumes of between two microlitres and 500 nanolitres using 10 
microlitre emulsion volumes. It will be clear to those skilled in the art that other ratios 
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and volumes are possible and that the ideal ratio and volume suitable for any particular 
application can be determined by simple trial and error. 

The present invention seeks to overcome at least some of the difficulties 
presented in working with sub-microlitre reaction volumes. A key advantage of the 
5 invention is the avoidance of difficulties in pipetting and manipulating submicrolitre 
volumes. The invention can be used to avoid the need to invest in complicated and 
expensive technology such as capillary-based nanolitre-scale automated fluid handling 
systems (Meldrum, 2000), or nano-scale reactors for small- volume cycle sequencing 
reactions (He et aL, 2000). The following examples demonstrate how this can be 
10 achieved. 

EXAMPLES 

The following examples are offered by way of illustration and not by way of 
limitation. Unless defined otherwise, all technical and scientific terms used herein have. 

1 5 the same meaning as commonly understood by one of ordinary skill in the art to which 
this invention belongs. Although any methods and materials equivalent to those 
described herein can be used in the practice or testing of the present invention, the 
preferred methods and materials are now described. All publications mentioned 
hereunder are incorporated herein by reference. Unless mentioned otherwise, the 

20 techniques employed or contemplated herein are standard methodologies well known to 
one of ordinary skill in the art and can be found in standard texts, such as that of Ausubel 
et al. (Ausubel et al 9 1998). 

Preferred embodiments of the invention will now be described by way of 
example only, with reference to the accompanying Figures. 
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Example 1. PCR reactions in the presence of TRITON X-100 

This example demonstrates that the addition of TRITON X-100 has no 
significant effect on an enzyme reaction when added at levels required to create stable 
emulsions at 25°C. To establish that enzyme reactions can be performed efficiently in 
the presence of TRITON X-100, a simple titration experiment of increasing TRITON X- 
100 concentration in a PCR was performed. The PCR described below demonstrates 
that high concentrations of TRITON X-100 do not inhibit Taq DNA polymerase-based 
extension and amplification reactions. 

Each PCR contained the following components: 2 nanograms of the pCR-Blunt 
II-TOPO vector (Invitrogen, Carlsbad, CA, USA) containing a 726 bp insert as template 
(Figure 1), 5 pmol each of the M13 (-20A) forward sequencing primer (5'- 
ACTGGCCGTCGTTTTAC-3 SEQ ID No. 6) and M13 (-21) reverse sequencing 
primers (5 AACAGCTATGACCATG-3 SEQ ID No. 7), 2 microlitres of 25 mM 
MgCl sub. 2, 2 microlitres of 2 mM dNTPs, 2 microlitres of 10 x PCR buffer 
(Thermophilic DNA polymerase, magnesium free buffer; Promega, Madison, WI, USA), 
1 unit of Taq DNA polymerase (Promega), 0. 1 unit of PJu DNA polymerase (Promega), 
and water to final volume of 20 microlitres. To six separate PCR reactions either 0, 0.5, 
1, 2, 4, or 8% (vol:vol) of TRITON X-100 was added. The PCRs were performed in 0.2 
ml thin-walled tubes using the following conditions: 2 min at 96°C, 20 cycles of 95°C 
for 30 s, 50°C for 30 s, and 72°C for 1 min, followed by a 72°C hold for 5 min. The 
reactions were stored at 4°C. Two microlitres of each PCR reaction were run on a 1% 
(w/vol) agarose gel in lx TAE-buffer (40 mM Tris-acetate, 1 mM EDTA) before being 
stained with ethidium bromide and visualised under UV irradiation (Figure 2). 
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The experiment shows that the addition of TRITON X-100 at a concentration of 
0.5, 1 and 2% had no apparent effect on PCR amplification (Figure 2; lanes 2, 3 & 4). 
At a concentration of 4% the TRITON X-100 had a small effect, while at 8% the 
efficiency of amplification was significantly reduced. This result demonstrates that 
5 concentrations of TRITON X-100 below 2% had no apparent effect on the PCR. 

Example 2. Temperature-induced collapse of emulsions 

Typically, it will be required that the emulsion formed remains relatively stable 
during reaction set-up and that it collapses just prior to, or during, the reaction process. 

10 One means of accomplishing this requirement is by creating the emulsion at a 

temperature at which it is stable and then performing an incubation step at a higher 
temperature at which the emulsion is unstable and collapses. The temperature at which 
the thermal-induced collapse of an emulsion occurs is a function of the inherent cloud 
point of the surfactant, the concentration of the surfactant, and the presence of additives 

15 that affect the solubility of the surfactant either in the aqueous or organic phases (Gu & 
Galera-Gomez, 1999). 

Tlierma- induced collapse ofTriton-XlOO or Triton-X114 emulsions with mineral oil 

An experiment was performed to establish the temperature profile of different 
emulsions using incubations at stepwise temperature increments. Emulsions were 
20 created consisting of 20 microlitres of either a 0.5%, 1.5% or 3% of TRITON X-100 or 
TRITON X-l 14 in water and 180 microlitres of light mineral oil (Sigma-Aldrich). The 
emulsions were prepared in 2 mL microcentrifuge tubes (Quantum Scientific, 
Paddington, Australia) by intermittent vortexing using a bench top vortex mixer (Model 
VM1 ; Ratek Instruments Pty Ltd., Boronia, Australia) at the maximum setting. Upon 
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formation of a visible emulsion, the tubes were vortexed for an additional 2 min. All 
manipulations were performed at room temperature (~25°C). To assist in the creation of 
the 0.5% TRITON X-100 and TRITON X-l 14 emulsions approximately 50 mg of 0.1 
mm diameter glass beads were added to each tube to increase the effective mechanical 
5 agitation during vortexing. 

The emulsions were incubated at 37°C, 45°C, 55°C, 65°C, 85°C, 95°C for 10 
min and the stability of the emulsion assessed visually. This process was performed in a 
stepwise fashion starting at 37°C. After each temperature incubation the samples were 
removed from the incubation block and the temperature of the heating block raised to the 
- 10 next temperature. The samples were then returned to the heating block and incubated for" 
10 min. This process was repeated until the final 95°C incubation was performed. The 
estimated proportion of the emulsion collapse at each temperature is shown in Table 2.1. 

The cloud points of 1% aqueous solutions of TRITON X-100 or TRITON X-l 14 
are 63 to 69°C and 20°C to 22°C, respectively (Product information sheet, Sigma- 
15 Aldrich, St. Louis, USA). As shown in Table 2.1, the TRITON X-100 based emulsions 
are more thermally stable than the comparable (same percentage) TRITON X-l 14 
emulsions. The temperature at which a given emulsion collapses rises proportionally 
with the concentration of the surfactant. For example, as the concentrations of TRITON 
X-100 is increased from 0.5%, to 1.5% and 3.0%, the temperature at which the emulsion 
20 collapses rises from 45-55°C, to 65-85°C, and greater than 95°C, respectively. 

Similarly, as the concentrations of TRITON X-l 14 is increased from 0.5%, 1 .5% and 
3.0%, the temperature at which the emulsion collapses rises from 37-45°C, to 45-55°C, 
and 65-85°C, respectively. 
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This example demonstrates that the temperature range at which emulsion 
collapse occurs can be manipulated by adjusting the surfactant concentration. 

Table 2.1 Thermal-induced collapse of emulsions with various concentrations of 
5 TRITON X-100 or TRITON X-l 14 and mineral oil. 



Temp 




Triton-X 100 






Triton-X 114 




°C 


0.5% 


1.5% 


3.0% 


0.5% 


1.5% 


3.0% 


37 


intact* 


intact 


intact 


intact 


intact 


intact 


45 


Intact 


intact 


intact 


-40 


intact 


intact 


55 


~80 b 


intact 


intact 


-20 


-80 


intact 


65 


-80 


intact . _ 


„.intact^. 


. ,.^20 . 


. r-40 


intact 


85 


-40 


-40 


intact 


-20 


-20 


-40 


95 


-30 


-30 


intact 


-20 


-20 


-40 



a. Emulsion remains homogeneous without sign of collapse. 

b. Estimated percentage of the emulsion that remains intact. 



10 Tliermal-induced collapse of Triton-X 100 or Triton-X 114 emulsions made with various 
mixtures of mineral oil and dodecane. 

An experiment was performed to establish the temperature stability of emulsions 
consisting of 50 microlitres of either 1 .5% TRITON X-100 or TRITON X-l 14 in water 
and 450 microlitre mixtures of mineral oil and dodecane at ratios of 450/0, 425/25, 

15 400/50, 350/100, 300/150, 250/200 or 0/450, respectively. The emulsions were created 
as described in the previous example. 

The emulsions were first incubated in a water bath at 37°C for 30 min so that the 
initial stability could be assessed. The samples were placed in a bench-top centrifuge 
and spun for a short pulse of five seconds prior to assessment. The degree to which each 

20 emulsion collapsed at each temperature is shown in Table 2.2. The samples were re- 
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vortexed to form an emulsion prior to the next incubation at the higher temperature. The 
temperature of the water bath was equilibrated at the next temperature prior to the next 
incubation. 

The TRITON X- 100 based emulsions proved more thermally stable than the 
5 comparable (same percentage) TRITON X-l 14 emulsions (Table 2.2). The data clearly 
demonstrates that the thermal stability of each emulsion is affected by the ratio of 
mineral oilrdodecane used (Table 2.2). The TRITON X-100 and TRITON X-l 14 
emulsions in mineral oil (mineral oil.dodecane ratio of 450/0) are the most stable and 
give rise to emulsions that collapse at temperatures greater than 90°C, and at the 
10 temperature range of 60-75°C, respectively. Increasing the amount of dodecane in the 
inert phase, at ratios of 425/25, 400/50 and 350/100, had no discernible effect on the 
temperature at which the emulsion collapsed. Higher levels of dodecane in the TRITON 
X-100 emulsion at ratios of 300/150, 250/200 and 0/450 gave rise to emulsions that 
collapse at a temperature range of 65-75°C. This represents a lowering of the thermal 
15 stability of the TRITON X-l 00 emulsions by approximately 15 °C. Higher levels of 

dodecane in the TRITON X-l 14 emulsions at ratios of 300/150, 250/200 and 0/450 gave 
rise to emulsions that collapse at a temperature range of 50-60°C. Similarly, this 
represents a lowering of the thermal stability of the TRITON X-l 14 emulsions by 
approximately 10°C. 

20 Table 2.2 Thermal induced collapse of emulsion with 1 .5% TRITON X- 1 00 (A) 

or TRITON X-l 14 (B) using various mineral oil and dodecane mixtures. 



A. TRITON X-100 



Temp. 

°C 



Ratio of mineral oihdodecane (vohvol) 

450/0 425/25 400/50 350/100 300/150 250/200 0/450 
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42 


intact? 


intact 


intact 


intact 


intact 


intact 


intact 


50 


intact 


intact 


intact 


intact 


intact 


intact 


intact 


60 


intact 


intact 


intact 


intact 


intact 


intact 


intact 


75 


intact 


intact 


intact 


intact 


-80 b 


-70 


-70 


90 


intact 


intact 


intact 


intact 


-80 


-70 


-60 


B. TRITON X-l 14 


Temp. 




Ratio of mineral oikdodecane (vol: vol) 




°C 


450:0 


425/25 


400/50 


350/100 


300/150 


250/200 


0/450 


42 


intact 


intact 


intact 


intact 


intact 


intact 


intact 


50 


intact 


intact 


intact 


intact 


intact 


intact 


intact 


60 


intact 


intact 


intact 


intact 


-80 


-80 


-80 


75 


-20 


-20 


-20 


-20 


-20 


-20 


-20 


90 


-20 


-20 


-20 


-20 


-20 


-20 


-20 



a. Emulsion remains homogeneous without sign of collapse. 



b. Estimated percentage of the emulsion that remains intact 



5 This example demonstrates that the temperature range at which an emulsion 

collapses can be manipulated by changing the nature of the inert phase. In parallel to the 
decrease in the thermal stability of the emulsions with a high proportion of dodecane, it 
was noticed that these emulsions had better properties with regard to handling, whereby 
pipetting of the emulsion was easier. 

10 

Example 3. Change of reaction conditions through collapse of an emulsion 

This example demonstrates that an emulsion phase separation (collapse) can be 
used to change the reaction conditions within the aqueous phase. The emulsion was 
created from an aqueous solution of the DNA staining compound ethidium bromide in 
15 the non-polar solvent hexadecane using the detergent TRITON X- 1 1 4. Ethidium 

bromide interacts with DNA by intercalation resulting in strong fluorescence under UV- 
light in the presence of DNA. The emulsion was added to a tube containing dried DNA 
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on its inner surface. Only upon collapse of the emulsion will the DNA and ethidium 

bromide be able to interact and fluoresces. 

The emulsion was prepared in a 2 ml microcentrifuge tube (Product number: 

508-GRN; Quantum Scientific, Paddington, Australia) by vortexing using the VM1 

vortex mixer (Ratek Instruments Pty Ltd., Boronia, Australia) at maximum setting. 
Forty microlitres of water was mixed with 10 microlitres of 1 0% (v/v) TRITON X-l 14 
(Sigma). Nine hundred microUtres of hexadecane (Sigma) was added in small amounts 
and with continuous vortexing of the sample. Care was taken to ensure that before each 
new addition of hexadecane the mixture had formed a homogenous emulsion. One 
hundred and eight microlitres of this emulsion were then mixed with 9.5 microUtres of 
TE-buffer (10 mM Tris-HCl/ 1 mM EDTA, pH8) and 0.5 microlitres of ethidium 
bromide (1 0 micrograms per millilitre). This emulsion is referred to as the "EtBr- 
emulsion" hereafter. 

Reaction tubes were prepared with dried DNA by adding 1 microlitre (1 
microgram per microlitre) of 1Kb plus DNA ladder (Invitrogen, Carlsbad, CA USA) to 
the bottom of the tube and drying at 80°C to completion. In a control reaction 1 
microlitre of water was used instead of the DNA 

Fifty microlitres of EtBr-emulsion was added to each reaction tube before heating 
for 2 min at 95°C to induce phase separation. After heating, the aqueous phase was 
found in the bottom of the tube and was overlain by the non-polar hexadecane phase. A 
control reaction was performed that was not heated (i.e. phase separation was not 
induced). The tubes were then exposed to UV-light.and photographed using the GelDoc . 
System (Bio-Rad, Hercules, Ca, USA). 
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Figure 3 shows that the ethidium bromide within an intact emulsion is not able to 
interact with the DNA contained on the tube wall, as no fluorescence was observed (left 
tube, Figure 3). Upon collapse of the emulsion, the aqueous phase is able to come into 
contact with the DNA and as a consequence fluorescence is observed (middle tube, 
Figure 3). This fluorescent signal is not simply due to a change in volume of the 
aqueous phase (micelles in intact emulsion versus coalesced phase in the collapsed 
emulsion), because the collapsed EtBr-emulsion in the absence of DNA shows no 
fluorescence (right tube, Figure 3). 

hi conclusion, this example illustrates that the collapse of an emulsion can be 
used to initiated chemical reaction (i~e. the chemical staining of DNA). 
Example 4. Demonstration of PCR in collapsible emulsions 

This example demonstrates that an enzymatic reaction can be performed in a 
collapsible emulsion. A PCR was performed and the initial high temperature ■ 
denaturation steps of the thermal cycling procedure allowed efficient separation of the 
emulsion's two phases. 

Six PCRs were performed containing either a 0, 0.5, 1, 2, 4, or 8% final aqueous 
concentration of TRITON X-100. Each PCR mix contained: 1 nanogram of TOPO 
plasmid DNA template (as described in Example 1), 2.5 pmol each of the M13 outer 
forward (-47) (5 ' -CGCC AGGGTTTTCCC AGTC ACGAC-3 9 ; SEQ ID No. 8) and outer 
reverse (-48) primers (5 '-AGCGGATAACAATTTCACACAGGA-S 9 ; SEQ ID No. 9), 1 
microlitre of 25 mM MgCl sub. 2, 1 microlitre of 2 mM dNTPs, 1 microlitre of lOx Tag 
buffer (Thermophilic DNA polymerase, magnesium free buffer; Promega), either 0, 0.5, 
1, 2, of 10% (vol:vol) TRITON X-100, or 1.6, or 3.2 microlitres of 25% (vohvol) 
TRITON X-l 00, and water to a final volume of 8.5 microlitre. 
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To the TRITON X-100-free control, 0.5 units of Taq DNA polymerase 
(Promega) and 0.05Ui^ DNA polymerase (Promega) was added in a total of 1.5 
microlitres of water to give a final volume of 10 microlitres. The positive control was 
performed in duplicate before combining to give a single 20 microlitre reaction volume. 
5 To each PCR containing TRITON X-100, 90 microlitres of mineral oil was added 

in 30 microlitres aliquots and an emulsion created by vortexing the sample. To each of 
these emulsions 0.5 units of Taq DNA polymerase (Promega) and 0.05 units of Pju DNA 
polymerase (Promega) in 1 .5 microlitres of water was added. The reactions were 
vortexed for 3 sec. 

10 Twenty microlitre aliquots were transferred from each emulsion into 0.2 ml thin " 

walled PCR tubes, as was the entire positive control, and subjected to the following 
thermal cycling conditions: 2 min at 96°C, then 20 cycles of 95°C for 30 s, 50°C for 30 s 
and 72°C for 1 min, followed by a 72°C hold for 5 min. The reaction was stored at 4°C. 
The oil was removed from the PCR reactions by extracting twice with 200 
15 microlitres water-saturated ether. Two microlitre of each PCR reaction were run on a 
1% (w/v) agarose gel with TAE buffer, stained with ethidium bromide and visualised 
under UV irradiation. The resulting gel image is shown in Figure 4. 

This example demonstrates that PCR amplification can occur efficiently in 
reaction samples made from collapsible emulsions of mineral oil using varying TRITON 
20 X-100 concentrations. 

Example 5. Demonstration of cycle DNA sequencing in collapsible emulsions 

Cycle DNA sequencing, like PCR, is well suited to collapsible emulsion-based 
reaction mixes since the initial high temperature denaturation steps of the thermal 
cycling procedure can be used to simultaneously efficiently collapse the emulsion. 
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Collapsible emulsion-based DNA sequencing allows for substantial reductions in the 
volume of materials required and hence the cost of expensive fluorescent dye-terminator 
premix. 

Three DNA templates were sequenced using emulsion-based sequencing 
5 reactions: the double stranded plasmid pGEM3Z£(+) (GenBank/EMBL Accession 
Number X65306; SEQ ID No. 2; Figure 5.1), the single stranded 

Ml 3pml 8(+)(GenBank/EMBL Accession Number X025 13; SEQ ID No. 3; Figure 5.2), 
and a 1016 base pair PCR product (SEQ ID No. 4; Figure 5.3). The pGEM and M13 
DNA templates were obtained from Amersham Biosciences. The 1016 bp PCR was 

10 performed as described in Example 1. To clean the reaction for sequencing, 0.25 units 
of exonuclease I (New England Biolabs) and 0.25 units of arctic shrimp alkaline 
phosphatase were added. The reaction was incubated at 37°C for 30 min followed by a 
heat denaturation step at 95°C to inactivate the enzymes. 

Each of the sequencing reactions contained either 100 ng of pGEM3Zf(+), 10 ng 

15 of PCR product, or 20 ng of M13pml8 (+). The three DNA templates were added to an 
empty 0.2 ml thin-walled PCR reaction tube and dried by heating the tubes to 80°C for 
10 min before the sequencing emulsion was added. 

The emulsion was prepared in a 2 ml microcentrifuge tube (Product number: 
508-GRN; Quantum Scientific, Paddington/ Australia) with vortexing being performed 

20 using the VM1 mixer (Ratek Instruments Pty Ltd., Boronia/ Australia) at maximum 
setting. Each emulsion contained: 40 pmol of M13 forward sequencing (-20B) primer 
(5'-GTAAAACGACGGCCAG-3*; SEQ ED No. 10), 1.6 microlitres of a 10% (vol:vol) 
TRITON X-100, and water to give a final volume of 12 microlitres. To this mixture, 
180 microlitres of mineral oil was added in 60 microlitres aliquots. The sample was 
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vortexed after each addition of oil to give a final emulsion volume of 192 microlitres. 
To this emulsion of 8 microlitres of BigDye Version 2 fluorescent dye-terminator premix 
(Applied Biosystems) was added and briefly vortexed for three seconds. The order of 
reagent addition was designed to minimise agitation that may denature the sensitive 
components (i.e. the DNA polymerase). Immediately, 10 microlitre aliquots were taken 
from this emulsion and added to the 0.2 ml reaction tubes containing the dry DNA 
templates - the DNA templates can migrate to the aqueous phase over time and, 
depending on the conditions, this may occur before, during and/or after the collapse of 
the emulsion. 

A positive control non-emulsion-based DNA sequencing reaction was performed 
containing: 5 pmol of M13 forward sequencing (-20) primer (5'- 
GTAAAACGACGGCCAG-3 * ; SEQ ID No. 10), 1 microlitre of BigDye™ Version 2 
(Applied Biosystems), 3 microlitres of 2.5x dilution buffer (200 mM Tris-HCl, pH 9.0; 5 
mM MgCl sub.2), 0.8 microlitres of 10% (vol: vol) TRITON X- 100, and water to a final 
volume of 10 microlitres. This mix was added to 1 microgram of dry pGEM3Z(ff) 
template DNA in 0.2 ml PCR tube. 

All sequencing reactions were performed using a 9700 thermal cycler (Applied 
Biosystems) using the following conditions: 96°C for 30 s, 40 cycles of 96°C for 10 s, 
50°C for 5 s, and 60°C for 4 min. 

The sequencing reactions were transferred to 1.5 ml centrifuge tubes containing 
40 microlitres of water and 40 microlitres of Tris-buffered phenol (Sigma-Aldrich). The 
samples were vortexed for 5 s before centrifugation at 14,000 g for three min in a bench 
top microcentrifuge. The top layer aqueous phases were transferred to fresh tubes and 
the DNA precipitated by addition of nine volumes of n-butanol, vortexing for 10 s, and 
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centrifugation at 14,000 g for 15 min. The supernatants were discarded and the residual 
butanol removed by evaporation at 80°C for 10 min. The dry, dye-labelled, DNA 
products of each sequencing reaction were dissolved in two microlitres of standard gel 
loading buffer according to the manufacturer's instructions and 0.6 microlitres loaded 
5 onto the gel. The electropherogram of the control DNA sequencing reaction is shown in 
Figure 5.4. Electropherograms of the DNA sequencing reaction for the pGEM3Zf(+), 
the M13mpl8(+) and 1016 bp PCR product templates are shown in Figures 5.5, 5.6 and 
5.7. 

These data clearly demonstrate that the emulsion-based sequencing reactions can 
10 be performed in collapsed emulsion and that the mineral oil and TRITON X-100 at a 
concentration of 0.8% have no observable inhibitory effect on the efficiency of the 
reaction. 

These results also demonstrate that one microlitre DNA sequencing reactions (10 
microlitre emulsion) can be performed using standard liquid handling equipment; 
15 Example 6* DNA sequencing in various collapsible emulsions 

This example demonstrates that DNA sequencing reactions can be performed in a 
variety of collapsible emulsions. The emulsions were created from different organic 
phases and different surfactants. Three different emulsions were created: a 
hexadecane/TR&ON X-l 14-based emulsion, a mineral oil/octanol/TRTTON X-l 14- 
20 based emulsion, and a mineral oil/octanol/TRTTON X-l 00-based emulsion. 
Hexadecane/TRITON X-l 14-based emulsion 

The emulsion was prepared in a 2 ml microcentrifuge tube (Product number: 
508-GRN; Quantum Scientific, Paddington, Australia) with vortexing on a VM1 vortex 
mixer (Ratek Instruments Pty Ltd., Boronia, Australia) at maximum setting. Forty 
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microlitres of water were mixed with 1 0 microlitres of 10% (volrvol) TRITON X-l 14 
(Sigma-Aldrich). Nine hundred microlitres of hexadecane (Sigma-Aldrich) was added in 
small amounts (approximately 100 microlitres at a time) with continuous vortexing of 
the sample. Care was taken to ensure that before each new addition of hexadecane the 
mixture had formed a homogenous emulsion. 
Mineral oil/octanol/TRITONX-114-based emulsion 

The emulsion was prepared in a 2 ml microcentrifuge tube (Quantum Scientific) 
with vortexing on a VM1 vortex mixer (Ratek Instruments) at maximum setting. Forty 
microlitres of water was mixed with 1 0 microlitres of 1 0% (vohvol) TRITON X-l 14 
(Sigma-Aldrich). Eight hundred and forty microlitres of mineral oil (Sigma-Aldrich) 
was added in small amounts (approximately 100 microlitres at a time) with continuous 
vortexing of the sample. Care was taken to ensure that before each new addition of 
mineral oil the mixture had formed a homogenous emulsion. Sixty microlitres of n- 
octanol (Sigma-Aldrich) was added and the emulsion vortexed for 5 min. 
Mineral oil/octanol/TJUTON X-l 100-based emulsion 

The emulsion was prepared in a 2 ml microcentrifuge tube (Quantum Scientific) 
with vortexing on a VM1 vortex mixer (Ratek Instruments) at maximum setting. Forty 
microlitres of water was mixed with 10 microlitres of 10% (vol.vol) TRITONX-100 
(Sigma-Aldrich). Eight hundred microlitres of mineral oil (Sigpia) was added in small 
amounts (approximately 100 microlitres at a time) with continuous vortexing of the 
sample. Care was taken to ensure that before each new addition of mineral oil, the 
mixture had formed a homogenous emulsion. One hundred microlitres of n-octanol 
(Sigma) was added and the emulsion vortexed for 5 min. 

AU emulsions were stored at room temperature and vortexed for 30 sec before use. 
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Emulsion-based DNA sequencing reactions 

The DNA templates were prepared by adding 200 ng of HindSl linearized 
pUCl 8 plasmid DNA to a 0.2 ml PCR tube. The DNA was dried down at 80°C for 30 
min. The sequence of pUC 18 and the binding site for the primer pGemEcoRV are 
shown in Figure 6. 1 . 

Forty-seven and a half microlitres of each emulsion were aliquoted into 1.5 ml 
microcentrifuge tubes (Product number 72.690; Sarstedt, Adelaide, Australia). To each 
emulsion 25 pmol of the pGemEcoRV primer (5 '-ATCGCGGTTTGCGTATTGG-S 
SEQ ID No. 1 1) and 2 microlitres of BigDye™ Version 3 (Applied Biosystems) premix 



were added. The emulsions were mixed by repetitive pipetting (10-20 times) and 
vortexing for 1 s. Ten microlitres of each emulsion (containing primer and BigDye 
premix) were added to the 0.2 ml PCR tubes with dried down template DNA. The 
reactions were heated to 96°C for 3 min before being cycled 40 times at 96°C for 10 s, 
45°C for 30 s 5 and 60°C for 4 min. 

Excess labelled nucleotides and salts were removed from the reaction by adding 
100 microlitres of water to each reaction and transferring the entire mixture to a fresh 
centrifuge tube containing 100 microlitres of phenol. The mixtures were vortexed for 5 s 
and centrifuged for 5 min at 14,000 g. The aqueous phases were transferred to fresh 
tubes containing 900 microlitres of n-butanol. The water/butanol mixtures were 
vortexed for 10 s and centrifuged for lOmin at 14,000 g. The supernatants were 
discarded and the pellets dried for 5 to 10 min at 80 °C. The pellets were resuspended in 
four microlitres loading dye (Applied Biosystems) before 2.5 microlitres were loaded 
onto a ABI 3700 capillary DNA sequencer according to the manufacturer's instructions 
(Applied Biosystems). 
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Good sequence data of the correct sequence was obtained for all three emulsions 
tested Figures 6.2, 6.3 and 6.4 show the electropherograms for the hexadecane/ triton 
X-l 14 emulsion, the mineral oil/ octanol/ triton X-l 14 emulsion and the mineral oil/ 
octanol/ triton X-l 00 emulsion, respectively. These results demonstrate that DNA 
sequencing reactions can be successful performed using a range of different collapsible 
emulsions. 

Example 7. Comparison of collapsible emulsion DNA sequencing with dilated 
premix DNA sequencing 

This example compares the success and efficiency of DNA sequencing 
performed using two different approaches to reduce the usage of sequencing reagent 
premix. The first system (hereafter termed "diluted premix") consists of a diluted 
reaction where the amount of sequencing chemistry premix is reduced while the total 
aqueous reaction volume is kept constant. In the second system (hereafter termed 
"collapsible emulsion") the reaction utilises an undiluted premix and the reaction occurs 
in a collapsed emulsion. As such the aqueous reaction volume, and hence the amount of 

premix used, is reduced. 

The diluted premix reactions contained 0.4 microlitre of BigDye Version 3 

premix (Applied Biosystems), 3.6 microlitres of dilution buffer (200 raM Tis-HCl, pH9; 

5 mM magnesium chloride), 5 pmol of pGemEcoRV primer (5'- 

ATCGCGGTTTGCGTATTGG-3 ' ; SEQ ID No. 1 1), and water to 10 microlitres. This 

solution was transferred to a tube containing 200 ng of dried pUC18 plasmid DNA 

template prepared as described in Example 6. 

For the collapsible emulsion system an emulsion was prepared in a 2 ml 

microcentrifuge tube (Quantum Scientific) with vortexing on a VM1 vortex mixer 
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(Ratek Instruments) at maximum setting. Forty microlitres of water was mixed with 10 
microlitres of 1 0% (volrvol) TRITON X-100 (Sigma). Nine hundred microlitres of 
mineral oil (Sigma) was added in small amounts with continuous vortexing of the 
sample. Care was taken to ensure that before each new addition of mineral oil the 
5 mixture had formed a homogenous emulsion. Forty-seven and a half microlitres of this 
emulsion was aliquoted into 1.5 ml microcentrifuge tubes (Product number 72.690; 
Sarstedt, Adelaide/ Australia). To the emulsion 25 pmol of pGemEcoRV primer and 2 
microlitres of BigPye Version 3 premix (Applied Biosystems) was added and mixed by 
repetitive pipetting (10-20 times) and vortexing for 1 sec. Ten microlitres of the 

10 emulsion was added to a reaction tube containing 200 ng of dried pUCl 8 plasmid DNA 
template prepared as described in Example 6. 

Both reactions (diluted premix and collapsible emulsion) were heated for 3 min 
at 96 °C before being cycled 40 times at 96 °C for 10 s, 45 °C for 30 s and 60°C for 4 
min. Excess nucleotides were removed and the samples analysed as described in 

15 Example 6. 

The diluted premix reaction (Figure 7.1) provided low quality sequence data with 
a short read length (e.g. beyond approximately position 350 the sequence is unreadable). 
In contrast, the collapsible emulsion reaction provided high quality sequence data with 
readable data beyond position 600 (Figure 7.2). 
20 This example demonstrates that the success and efficiency of a sequencing 

reaction with fixed amounts of sequencing chemistry performed in the small-aqueous 
volume provided by a collapsible emulsion is greater than in a relatively larger and 
diluted aqueous volume. 
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Example 8. Removal of the inert phase of a collapsed emulsion 

This example demonstrates that the inert phase can be removed from an aqueous 
phase after an emulsion of the two phases has been collapsed. The emulsion was created 
from an aqueous phase and the non-polar solvent n-hexane using the detergent TRITON 
5 X-l 14. After temperature-induced collapse of the emulsion, the hexane phase is 
removed by evaporation. 

The emulsion was prepared in a 2 ml microcentrifuge tube (Product number: 
508-GRN; Quantum Scientific, Paddington, Australia) by vortexing using the VM1 
vortex mbcer (R** Instruments Pty Ltd., Boronia, Australia) at maximum setting. 
10 Forty-five microlitres of water was mixed with 5 microlitres of 10% (v/v) TRITON X- 
1 14 (Sigma). Nine hundred microlitres of n-hexane (Sigma-Aldrich) was added in small 
amounts (approximately 100 microlitres at a time) with continuous vortexing of the 
sample. Care was taken to ensure that before each new addition of hexane the mixture 
had formed a homogenous emulsion. Ninety-five microUtres of this emulsion were then 
15 mixed in a 1.5 ml microcentrifuge tube with 5 microlitres water containing 2 micrograms 
per millilitre of Cresol Red (Sigma-Aldrich). Cresol Red is an pH indicator dye and was 
used to specifically colour the aqueous phase. Phase separation was induced by heating 
the emulsion for 5 min at 95*C. The collapsed emulsion was then centrifuged for 2 
at 20 000 x g. After this the hexane-phase was evaporated by placing the tube into 
20 DNA110 Speed Vac (Savant, Waltham, MA, USA) at medium heat-setting for 
approximately 3 min. Figure 8 shows the progress of this experiment. 

This example demonstrates that the inert phase can be removed from the aqueous 
phase after the emulsion has been collapsed and, further, that evaporation of the inert 
phase may be used as a means of removing the inert phase. Clearly, other methods of 
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removing the inert phase could also be used, including physical removal of the inert 
phase by, for example, careful pipetting. 

Example 9. Collapse of an emulsion via addition of a chemical 

In this example two collapsible emulsions were prepared and combined such that 
one contained the substrate and the other contained the enzyme and other reagents 
required for the reaction to proceed. The emulsion mixture was collapsed by addition of 
a chemical that destabilised the emulsion thus allowing the enzyme reaction to occur. 

A TRITON X-l 14/mineral oil/octanol-based emulsion (referred to as the 
"starter" emulsion) -was prepared as-follows^in a 2 ml microcentrifuge tube (Quantum 
Scientific) with vortexing on a VM1 vortex mixer (Ratek Instruments) at maximum 
setting. Forty microlitres of water was mixed with 10 microlitres of 10% (vol: vol or 
vol/vol) TRITON X-l 14 (Sigma-Aldrich). Eight hundred and seventy microlitres of 
mineral oil (Sigma) was added in small amounts with continuous vortexing of the 
sample. Care was taken to ensure that before each new addition of mineral oil the 
mixture had formed a homogenous emulsion. Thirty microlitres of n-octanol (Sigma- 
Aldrich) was added and the emulsion vortexed for 5 min. 

The first emulsion, containing the DNA template, was prepared from 190 
microlitres of starter emulsion and 2 micrograms of pGEM3Zf(+) (Amersham 
Pharmacia) contained in 10 microlitres of water. The emulsion was vortexed for 1 min. 
The second emulsion, containing the restriction enzyme and buffer, was prepared from: 
760 microlitres of starter emulsion, 10 microlitres of water, 10 microlitres of lOx 
NEBuffer 1 (New England Biolabs, Inc. MA, USA), and 10 microlitres of a 1 mg/ml 
BSA. The emulsion was vortexed for 1 min. Ten microlitres of Kpn /restriction enzyme 
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(New England Biolabs) in 10 microlitres of water was added and the emulsion vortexed 
for 2 sec. 

Three separate emulsion mixes were created from 40 microlitres of the DNA 
template emulsion and 160 microlitres of the restriction enzyme emulsion in 1.5 ml 
5 centrifuge tubes. The samples were not vortexed following addition of the second 

emulsion and prior to incubation to avoid mixing the two separate emulsions. Sample 1 
was incubated at 37°C for 1 h. The emulsion was observed to remain approximately 
90% intact after incubation. Sample 2 was heated to 70°C. for 10 min followed by 37°C 
forlh. This treatment collapsed the emulsion prior to incubation at 37°C. Sample 3 
10 was collapsed by the addition of 10 microlitres of 100% glycerol (AR grade, Ajax 
Laboratory Chemicals, NSW, Australia) prior to the 1 h incubation at 37°C. 

After incubation, the reactions were stopped and the DNA was recovered by the 
addition of 150 microlitres of buffered phenol (Sigma-Aldrich) and 100 microlitres of 
water. The samples were vortexed for 5 s before centrifugation at 14,000 g for 3 min. 
15 One hundred microlitres of the aqueous phases was transferred to a clean 1 .5 ml 

centrifogembescontaiiung900micro^^ The tubes 

were vortexed for 10 s and the DNA pelleted by centrifugation at 14,000 g for 10 min. 
The DNA pellets were dried in a DNA1 10 Speed Vac (Savant, Waltham, MA, USA) for 
15 min before being re-dissolved in 20 microlitres of water. 

20 The Kpn I enzyme cuts the circular P GE3Zf(+) plasmid at a single site converting 

it to a linear DNA fragment that displays a different mobility to the circular form under 
agarose gel electrophoresis allowing the progress of the reaction to be determined. Ten 
microlitres of each sample were run on a 0.8% (w/vol) agarose gel in lx TAE buffer (40 
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mM Tris-acetate, 1 mM EDTA) before being stained with ethidium bromide and 
visualised under UV illumination. 

Figure 9 shows that the restriction enzyme digestion reaction does not proceed 
efficiently in intact emulsions (lane 1), whereas the digest proceeds almost to completion 
5 (lane 3) when the emulsion is collapsed by the addition of glycerol. An additive such as 
glycerol is potentially useful as a means to collapse an emulsion in situations where 
thermal collapse of the emulsion leads to heat inactivation of the enzyme, as occurred 
with Sample 2 (lane 2). 

This example demonstrates that when the substituents i of tw<Mnt^ emulsions are 
10 combined together in a single tube they are essentially unable to mix together and the 

enzyme reaction is unable to proceed. These emulsions can be induced to interact via the 
addition of a chemical or by heat treatment. When the combined emulsions are 
collapsed to yield a substantially single aqueous phase, in which the essential 
components of the reaction can freely mix, the reaction can proceed. The collapse of the 
1 5 emulsion can therefore act as a switch to initiate the enzyme reaction. The use of a 
chemical or chemical mixture to collapse emulsions or emulsion mixtures allows the 
invention to be utilised in applications that cannot tolerate high temperatures e.g. 
thermolabile enzyme reactions. 

Example 10: Combination of collapsible emulsion and dilution buffers to reduce 
20 the amount of consumables in DNA sequencing reactions 

This example shows that DNA sequencing in collapsible emulsions can be 
combined with dye terminator dilution buffers commonly used with DNA sequencing 
chemistry. 
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The DNA templates were prepared by adding 10 ng ofHmdm linearized pUC18 
plasmid DNA and 5 pmol of pGemEcoRV primer to a 0.2 ml PCR tube. The DNA was 
dried at 80°C for 30 min. 

The collapsible emulsion was prepared in a 2 ml microcentrifuge tube (Quantum 
Scientific) with vortexing on a VM1 vortex mixer (Ratek Instruments) at maximum 
setting. Forty microlitres of water was mixed with 10 microlitres of 10% (vol.vol) 
TRITON X-l 14 (Sigma-Aldrich). Eight hundred and fifty microlitres of mineral oil 
(Sigma- Aldrich) was added in small amounts (approximately 100 microlitres at a time) 
with continuous vortexing of the sample. Care was taken to ensure that before each new 
addition of mineral oil the mixture had formed a homogenous emulsion. Fifty 
microlitres of n-octanol (Sigma-Aldrich) was added and the emulsion vortexed for 5 
min. 

Ninety-five microlitres of this emulsion was aliquoted into 1.5 ml 
microcentrifuge tubes (Product number 72.690; Sarstedt, Adelaide/ Australia). To the 
emulsion 0.8 microlitres of BigDye Version 3 premix (Applied Biosystems) and 3.2 
microlitres 2.5 x dilution buffer (200 millimolar Tris-HCl (pH 9), 5 millimolar 
magnesium chloride and 1.5 molar sucrose) was added and mixed by repetitive pipetting 
(10-20 times) and vortexing for 1 s. Ten microlitres of the emulsion was added to the 
reaction tube containing the dried pUC18 plasmid DNA and pGemEcoRV primer. 

The reaction was heated for 20 s at 96°C before being cycled 99 times at 96°C 
for 10 s, 45°C for 30 s and 60°C for 4 min. Excess labelled nucleotides were removed 
and the samples analysed as described in Example 6. 
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The resulting sequencing trace of the diluted sequencing reaction in a collapsible 
emulsion is shown in Figure 10. High quality sequence data with readable data beyond 
position 600 was obtained (Figure 10). 

This example demonstrates that the dilution of sequencing chemistry in 
collapsible emulsions is possible. The reaction described in this example contains a final 
amount of 80 nanolitres (0.08 microlitres) of sequencing chemistry, which is at a 100- 
fold lower scale than that recommended by the manufacturer of the sequencing chemistry 
(Applied Biosystems 200 1 ). 

Example 11: Sequencing reactions in a collapsible emulsion using DNA templates. . 



This example shows the performance of a sequencing reaction in a collapsible 
emulsion when the sequencing template is added in a liquid form. This application is 
helpful where the sequencing template cannot be dried down as described in Examples 6 



A DNA solution was prepared by adding 10 ng of HindUl linearized pUCl 8 
plasmid DNA and 5 pmol of pGemEcoRV primer to a sucrose solution (final sucrose 
concentration 540 mM). 

The collapsible emulsion was prepared in a 2 ml microcentrifuge tube (Quantum 
Scientific) with vortexing on a VM1 vortex mixer (Ratek Instruments) at maximum 
setting. Ten microlitres of 10% (vohvol) TRITON X-l 14 (Sigma-Aldrich), 16 
microlitres of Tris-HCl. (pH 9), four microlitres of 100 millimolar magnesium chloride 
and 20 microlitres of bovine serum albumin (0.1 mg/ ml) were mixed. Eight hundred 
and sixty microlitres of mineral oil (Sigma-Aldrich) was added in small amounts 
(approximately 100 microlitres at a time) with continuous vortexing of the sample. Care 



in liquid 



or 10. 
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was taken to ensure that before each new addition of mineral oil the mixture had formed 
a homogenous emulsion. Forty microlitres of n-octanol (Sigma-Aldrich) was added and 
the emulsion vortexed for 5 min. 

Ninety-five microlitres of this emulsion was aliquoted into 1 .5 ml 
5 microcentrimge tubes (Product number 72.690; Sarstedt, Adelaide/ Australia). To the 
emulsion 4 microlitres of BigDye Version 3 premix (Applied Biosystems) and 1 
microlitre of sterile Milli-Q water was added and mixed by repetitive pipetting (10-20 
times) and vortexing for 1 sec. Five microlitres of the emulsion was added into 0.2 ml 
PCR tubes. Then 1 microlitre of the DNA solution containing template and primer (see 
3 above) was pipetted into the emulsion. 

The reaction was heated for 20 sec at 96°C before being cycled 99 times at 96°C 
for 1 0 s, 45°C fox 30 s and 60°C for 4 min. Excess labelled nucleotides were removed 
and the samples analysed as described in Example 6. 

The resulting sequencing trace of the sequencing reaction in a collapsible 
emulsion with liquid template addition is shown in Figure 11. High quality sequence 
data with readable data beyond position 600 was obtained (Figure 1 1). 

This example demonstrates that a liquid DNA template can be used for a DNA 
sequencing reaction in a small reaction phase when added to a collapsible emulsion 
containing sequencing chemistry. In comparison to Example 6 and 10 this example also 
shows that two different reactants (template and sequencing chemistry) in a collapsible 
emulsion reaction can be delivered and combined in different states (e.g. solid/ dried or 
liquid). 
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Example 12: Effect of the volume of the inert phase on the sequencing reaction in a 
small reaction phase. 

Examples 6, 7 and 10 demonstrated DNA sequencing reactions in collapsible 
emulsion with the inert phase 9 times the volume of the reaction phase. This example 
describes an experiment to investigate what volume ratios between the reaction phase 
and the inert phase are suitable for sequencing reactions under the described conditions 
and with the sequencing chemistry used. For this example, mineral oil, which is the 
major component of the collapsible emulsion used in Example 6, 7 and 10, is used to 
overlay small, standard sequencing reactions. By varying the ratio of the volume of the 
inert phase to the reaction phase, potential inhibition of the sequencing reaction by the 
inert phase can be assessed. 

The DNA samples were prepared by adding 10 ng of HindlR linearized pUC18 
plasmid DNA and 5 pmol of pGemEcoRV primer to a 0.2 ml PCR tube. The DNA was 
dried at 80°C for 30 min. 

Four microlitres of BigDye Version 3 premix (Applied Biosystems) and 6 
microlitres of sterile Milli-Q water were combined and 1 microlitre of this standard 
sequencing mix was added to the dried DNA sample (see above). Variable amounts (5, 
10, 40 and 120 microlitres) of mineral oil were layered of the 1 microlitre reaction 
volume and spun briefly (10 sec, 1000 x g) to ensure that the reaction phase was below 
the inert phase. 

The reaction was heated for 20 s at 96°C before being cycled 99 times at 96°C 
for 10 s, 45 °C for 30 s and 60°C for 4 min. Excess labelled nucleotides were removed 
and the samples analysed as described in Example 6. 
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The resulting traces obtained from the DNA sequencing reaction using different 
volumes of mineral overlays are shown in Figure 12.1 (5 microlitres overlay), Figure 
12.2 (10 microlitres overlay), Figure 12.3 (40 microlitres overlay) and Figure 12.4 (120 
microlitres overlay). High quality sequence data with readable data beyond position 600 
5 was obtained for the 5 microlitres and 10 microlitres mineral oil overlays (see Figure 
12.1 and 12.2, respectively), m contrast, the 40 microlitres and 120 microlitres overlays 
showed poor sequence quality with readable data only to approximately position 200 
(see Figure 12.3 and 12.4). 

These data show that there may be a limit for suitable volume ratios between a 
10 given inert phase and a reaction phase for optimal reaction conditions. In this example 
volume ratios up to 10 for inert phase:reaction phase are suitable, while ratios of 40 and 
higher show inhibition of the sequencing reaction. Without wishing to be bound by 
theory, potential explanations for the inhibition observed include possible partitioning of 
either an inhibitory substance from the inert phase into the reaction phase or an 
15 activating substance from the reaction phase into the inert phase. With increased volume 
ratios the inhibitor or activator can reach concentration thresholds that have a negative 
impact on the reaction performed in the small, aqueous reaction phase. 

Although the invention has been described with reference to specific examples, it 
will be appreciated by those skilled in the art that the invention may be embodied in 
20 many other forms. 

In particular, the invention exemplified is an invention in which an aqueous 
phase dispersed in an inert phase in the form of an emulsion is collapsed to provide an 
aqueous reaction mixture. However, it will be abundantly clear to the skilled addressee 
that the phases may be inversed - that is to say, that the "bulking" agent could be an 
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aqueous phase. Li this situation, the reactants would be present initially in a 
discontinuous organic phase which discontinuous organic phase is present in a 
continuous aqueous phase. The aqueous phase would "collapse" to provide a 
substantially continuous organic phase in which the chemical reaction would take place. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

1 . A method of performing a chemical reaction between reactants comprising: 

(a) subjecting an emulsion comprising 

(i) a discontinuous first phase in which at least one of the reactants is 
5 present; and 

(ii) a substantially continuous second phase, 

to a physical or chemical change such that a substantially continuous 
phase is formed from the discontinuous phase; and 

(b) providing conditions in which the chemical reaction between the reactants 
10 takes place, 

2. A method according to claim 1 wherein the discontinuous first phase is an 
aqueous phase. 

3. A method according to claim 1 or claim 2 wherein the continuous second phase 
is an inert or an organic phase. 

15 4. A method of performing a chemical reaction between reactants in an aqueous 
phase comprising: 

(a) subjecting an emulsion comprising 

(i) a discontinuous aqueous phase in which at least one of the 
reactants is present; and 
20 (ii) a continuous inert phase, 

to a physical or chemical change such that a substantially continuous 
aqueous phase is formed; and 

(b) providing conditions in which the chemical reaction between the reactants 
takes place. 
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5. A method according to any one of claims 1 to 4 wherein the chemical reaction is 
a reaction selected from the group consisting of: DNA sequencing, Polymerase Chain 
Reaction (PCR), Rolling Circle Amplification (RCA), Ligase Chain Reaction (LCR), 
Rapid Amplification of cDNA Ends (RACE), reverse-transcriptase PCR (RT-PCR), 

5 DNA fingertyping, DNA genotyping, endonuclease-restriction digest, DNA ligation, 
DNA phosphorylation, DNA methylation, DNA labelling, ribonucleic acid (RNA) 
digestion, proteolytic digestion, and protein modification. 

6. A method according to claim 5 wherein protein modification is glycosylation or 
phosphorylation. 

10 7. A method according to claim 5 wherein the chemical reaction is DNA 
sequencing or PCR. 

8. A method according to any one of claims 1 to 4 wherein the reactants are selected 
from the group consisting of: DNA, RNA, mRNA, proteins, enzymes, salts, radioactive 
isotopes and carbohydrates. 
15 9. A method according to claim 8 wherein the DNA is gDNA, cDNA, mDNA, 
primer DNA, plasmid DNA or a PCR product. 

10. A method according to claim 8 wherein the enzyme is a DNA polymerase, RNA 
polymerase, reverse transcriptase, restriction endonuclease, DNA methylase; 
polynucleotide kinase, nucleotide transferase, DNA ligase, RNA ligase, protease, or 

20 other DNA, RNA or protein modifying enzyme. 

11. A method according to any one of claims 2 to 10 wherein the aqueous phase is in 
a submicrolitre or micro litre volume. 

12. A method according to any one of claims 3 to 1 1 wherein the emulsion comprises 
a single inert phase and two or more different aqueous phases. 
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13. A method according to any one of claims 1 to 1 1 wherein the emulsion is 
prepared by combining a first and second emulsion wherein 

(a) the first emulsion comprises a first aqueous phase and a first inert phase 
wherein the first aqueous phase comprises a first reactant; and 
5 (b) the second emulsion comprises a second aqueous phase and a second 

inert phase wherein the second aqueous phase comprises a second 
reactant. 

14. A method according to claim 13 wherein the first and second inert phases are the 
same but the first and second aqueous phases are different. 

10 15. A method according to claim 1 3 wherein the first inert phase and the second inert 
phase are different. 

16. A method according to any one of claims 3 to 15 wherein the inert phase is a 
non-polar water-immiscible compound or composition. 

17. A method according to claim 16 wherein the inert phase is selected from the 

15 group consisting of: a hydrocarbon compound; a linear, branched or cyclic polysiloxane; 
a mineral or petroleum oil. 

18. A method according to claim 17 wherein the hydrocarbon compound is selected 
from the group consisting of: pentane, hexane, heptane, octane, nonane, decane, 
dodecane, hexadecane, octadecane, eicosane, squalene and derivatives thereof. 

20 19. A method according to claim 17 wherein the hydrocarbon is selected from the 
group consisting of: 7-methyl-l,6-octadiene or 2,2,4-trimethylpentane, 1-dodecene, 1- 
hexadecane, cyclohexane and propylcyclohexane. 

20. A method according to any one of claims 3 to 12 wherein the inert phase is 
selected from the group consisting of: mineral oil, hexadecane, dodecane and n-hexane. 
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21. A method according to any one of claims 1 to 20 wherein the emulsion comprises 
a surfactant 

22. A method according to claim 21 wherein the surfactant is selected from the group 
of non-ionic surfactants consisting of: APO-10, APO-12, BRU-35, C8E6, C10E6, 

5 C10E8, C12E6, C12E8 (Atlas G2127), C12E9, C12E10 (Brij 36T), C16E12, C16E21, 
cyclohexyl-w-ethyl-beta-D-maltoside, cyclohexyl-w-hexyl-beta-D-maltoside, cyclohexyl- 
w-methyl-beta-D-maltoside, n-decanoylsucrose, w-decyl-beta-D-glucopyranoside,/i- 
decyl-beta-D-maltopyranoside, n-decyl-beta-D-thiomaltoside, w-dodecanoylsucrose, n- 
dodecyl-beta-D-glucopyranoside, n-dodecyl-beta-D-maltoside, genapol C-100, genapol 

10 X-80, genapol X-100, HECAMEG, heptane-l,2,3-triol, n-heptyl-beta-D- 

glucopyranoside, w-heptyl-beta-D-thioglucopyranoside, LUBROL PX, MEGA-8 
(ocatanoyl-N-methylglucamide), MEGA-9 (nonanoyl-N-methylglucamide), MEGA- 10 
(decanoyl-N-methylglucamide), w-nonyl-beta-D-glucopyranoside, Nonidet P-10 (NP-10), 
Nonidet P-40 (NP-40), w-octanoyl-beta-D-glucoslyamine (NOGA), n-octanoylsucrose, «- 

15 octyl-ai5pAa-D-glucopyranoside,n-octyl-beta-D- glucopyranoside, iz-octyl-beta-D- 

maltopyranoside, PLURONIC F-68, PLURONIC F-127, THESIT, TRITON X-100 (tert- 
C8-0-E9.6;like NP-40), TRITON X-100 hydrogenated, TRITON X-l 14 (terf-C8-0-E7- 
8), TWEEN 20 (C12-sorbitan-E20;Polysorbate 20), TWEEN 40 (C16-sorbitan-E20), 
TWEEN 60 (C18-sorbitan-E20), TWEEN 80 (C18:l-sorbitan-E20), w-undecyl-beta-D- 

20 maltoside, cetearyl alcohol, hydrogenated tallow alcohol, lanolin alcohols, palmamide, 
peanutamide MIPA, PEG-50 tallow amide, cocamidopropylamine oxide, lauramine 
oxide, PEG-8 dilaurate, PEG-8 laurate, PEG-4 caster oil, PEG-120 glyceryl stearate, 
triolein PEG-6 esters, glycol stearate, propylene glycol ricinoleate, glyceryl myristate, 
glyceryl palmitate lactate, polyglyceryl-6 distearate, polyglyceryl-4 oleyl ether, methyl 
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gluceth-20 sesquistearate, sucrose distearate, polysorbate-60, sorbitan sequiisostearate, 
trideceth-3 phosphate, trioleth-8 phosphate, ceteareth-10, nonoxynol-9, PEG-20 lanolin, 
PPG-12-PEG-65 lanolin oil, dimethicone copolyol, meroxapol 314, poloxamer 122, 
PPG-5-ceteth-20 and lauryl glucose. 
5 23. A method according to claim 21 wherein the surfactant is selected from the group 
of ionic surfactants consisting of: caprylic acid (n-octanoate), cetylpyridinium chloride, 
CTAB (Cetyltri-methylammonium bromide), cholic acid, decanesulfonic acid, 
deoxycholic acid, dodecyltrimethyl-ammonium bromide, glycocholic acid, 
glycodeoxycholic acid, lauroylsarcosine (sarkosyl), lithium n-dodecyl sulfate, 

10 lysophosphatidyl-choline, sodium n-dodecyl sulfate (SDS, lauryl sulfate), ■ 
taurochenodeoxy- chohc acid, taurocholic acid, taurodehydrocholic acid, 
taurodeoxycholic acid, taurolithocholic acid, tauroursodeoxycholic acid, 
tetradecyltrimethyl- ammonium bromide (TDTAB), TOPPS, di-TEA-palmitoyl 
aspartate, sodium hydrogenated tallow glutamate, palmitoyl hydrolysed milk protein, 

15 sodium cocoyl hydrolysed soy protein, TEA-abietoyl hydrolysed collagen, TEA-cocoyl 
hydrolysed collagen, myristoyl sarcosine, TEA-lauroyl sarcosinate, sodium lauroyl 
taurate, sodium methyl cocoyl taurate, lauric acid, aluminium stearate, cottonseed acid, 
zinc undecylenate, calcium stearoyl lactylate, laureth-6 citrate, nonoxynol-8 carboxylic 
acid, sodium trideceth-13 carboxylate, DEA-oleth-10 phosphate, dilaureth-4 phosphate, 

20 lecithin, sodium cocoyl isethionate, sodium dodecylbenzene sulfonate, sodium 

cocomonoglyceride sulfonate, sodium C12-14 olefin sulfonate, sodium C12-15 pareth- 
15 sulfonate, sodium lauryl sulfoacetate, dioctyl sodium sulfosuccinate, disodium 
oleamido MEA-sulfosuccinate, ammonium laureth sulfate, sodium CI 2- 13 pareth 
sulfate, MEA-lauryl sulfate, cocamidopropyl dimethylamine lactate, dimethyl lauramine, 
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soyamine, stearyl hydroxyethyl imidazoline, PEG-cocopolyamine, PEG-15 tallow amine, 



hydroxyphostaine, cetylpyridinium chloride, isosteaiyl ethylimidonium ethosulfate, 
cocamidopropyl ethyldimonium ethosulfate, hydroxyethyl cetyldimonium chloride, 
quaternium-18 and cocodimonium hydroxypropyl hydrolysed hair keratin. 

24. A method according to claim 21 wherein the surfactant is selected from the group 
of zwitterionic surfactants consisting of: BigCHAP, CHAPS, CHAPSO, DDMAU, 
EMPIGEN BB (N-dodecyl- N,N-dimethylglycine), lauryldimethylamine oxide (LAD AO, 
LDAO, Empigen OB), ZWTTTERGENT 3-08, ZWTTTERGENT 3-10, ZWTTTERGENT 
3-12 (3-dodecyl-dimethylammonio-propane-l-sulfonate), ZWITTERGENT 3-14, 
ZWTTTERGENT 3-16, disodium cocoamphocarboxymethylhydroxy-propylsulfate, 
disodium cocoamphodipropionate, sodium cocoamphoacetate, sodium lauroampho PG- 
acetate phosphate, sodium tallow amphopropionate, sodium 
undecylenoamphopropionate, aminopropyl laurylglutamide, dihydroxyethyl soya 
glycinate and lauraminopropionic acid. 

25. A method according to claim 21 wherein the surfactant is TRITON X-100 or 
TRTTON-X114. 

26. A method according to any one of claims 1 to 25 wherein the physical or 
chemical change is a change in temperature, pressure or exposure to a chemical 
compound. 

27. A method according to any one of claims 1 to 25 wherein the physical change is a 
change in temperature. 

28. A method according to any one of claims 1 to 25 wherein the chemical change is 
the addition of glycerol. 



benzalkonium chloride, quaternium-63, oleyl betaine, sodium lauramidopropyl 
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29. A method according to claim 4 wherein when the chemical reaction is a DNA 
sequencing or PCR reaction, the inert phase comprises mineral oil and the surfactant is 
TRITON X-100 or TRTTON-X1 14. 

30. A method according to any one of claims 1 to 29 wherein the ratio of the aqueous 
5 to inert phase is in the range of 1:4 to 1:19. 

31. A method according to any one of claims 1 to 30 wherein the inert phase is 
removed from the substantially continuous aqueous phase after the chemical reaction has 
taken place. 

32. A method according to claim 3 1 wherein the inert phase is removed from the 
10 substantially continuous aqueous phase by suction or evaporation. 

33. A method according to any one of claims 3 to 12 wherein the aqueous phase and 
the inert phase are submitted to the reaction conditions together. 

34. A method of performing a chemical reaction between at least two reactants in an 
aqueous solution comprising: 

15 (a) combining a first emulsion in which an aqueous solution comprising a 

first reactant is emulsified in a first inert phase, with a second emulsion in which an 
aqueous solution comprising a second reactant is emulsified in a second inert phase; 

(b) subjecting the mixture to a physical or chemical change such that the 
emulsions collapse and the emulsified aqueous solution coalesces into a substantially 

20 single or substantially continuous aqueous phase; 

(c) subjecting the aqueous phase to conditions in which the chemical reaction 
between the reactants takes place. 

35. A method of performing a chemical reaction between reactants in an organic 
phase comprising: 
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(a) subjecting an emulsion comprising 

(i) a discontinuous organic phase in which at least one of the 
reactants is present; and 

(ii) a continuous aqueous phase, 

to a physical or chemical change such that a substantially continuous 
organic phase is formed; and 

(b) providing conditions in which the chemical reaction between the reactants 
takes place. 

36. A method of performing a chemical reaction between at least two reactants in an 
of game solution comprising: 

(a) combining a first emulsion in which an organic solution comprising a first 
reactant is emulsified in a first aqueous phase, with a second emulsion in which an 
organic solution comprising a second reactant is emulsified in a second aqueous phase; 

(b) subjecting the mixture to a physical or chemical change such that the 
emulsions collapse and the emulsified organic solution coalesces into a substantially 
single or substantially continuous organic phase; 

(c) subjecting the organic phase to conditions in which the chemical reaction 
between the reactants takes place. 
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Figure 1.1 



AGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGC 

GAAAGCGGGGAGTGAGCGGAACGCAATTAATGTGAGTTAGCTG^ 

CCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACAC^ 

TATTTAGGTGACACTATAGAATACTGAAG CTATCCATCAAGCTTGGTAC CGAGCTCGGAT CCACTAGTAACGGCCGCCA 
GTGTGCTGGAATTCGCCCTCATATGAGTAAAGGAGAAGAACTT^ 

GGCGATGTTAATGGGCAAAAATTCTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATAC^ 
TTATTTGCACTACTGGGAAGCTACCTGTTCCATGGCCAACACTTGT(^ 

GAGATAC CCAGAT CATATGAAACAG CATG ACTTTTT CAAGAGTG C CATGCCCX3AAGGTTATGT ACAGGAAAGAACTATA 

TTTTACAAAGATGACGGGAACTACAAGAGACX3TGCTC 

TAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGAC^CAAAA 

GATGATGG CAGACAAAC GAAAGAATGG AATGAAAGTT AACTT CAAAATTAGACACAACATTAAAGAT GGAAGCGTTCAA 
TTAGCAGACGA.TTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCT 

AATC TGC CCTTT CCAAAGAT CCCAACG AAAAGAGAGAT CACATGATCCTTCTTGAGTTTGT AACAGCTGCTGGGATTAC 

ACATGGCATGGATGAACTATACAAATAAGGATCCTAAGGGCGAATTCTGCAGATATCCATCACACT 

GCATGCATCTAGAGGGCCCAATTCGCCCTATAGTGAGTCGT 

TGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCT^ 
CCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTATACGTACGGCA 

CCGTTATCX3TCTGTTTGTGGATGTACAGAGTGATATTATTGACACGCCGGGGCGACGGATGGTG^ 
GCACGTCTGCTGTCAGATAAAGTCTCCCGTGAACTTTACCCGGTGGTGO 

CCACCGATATGGCGAGTGTGCCGGTCTCCGTTATCGGGGAAGAAGTGGCTGATCTCAGCCACCG 

AAACG C CATTAACCTGATG TT CTGGGGAATATAAATGT CAGGCATGAGATT AT CAAAAAGGAT C TTCACC TAGATCCTT 
TTC^CGTAGAAAGCCAGTCCGCAGAAACGGTGCTGACCCCGG^ 

ACGCAAGCGCAAAGAGAAAGCAGGTAGCTTGCAGTGGGCTTACATGGCGATAGCTAGACTGGGCGGTTTTATGGACAGC 
AAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGC^^ 
CCGCCAAGGATCTGATGGCGCAGGGGATCAAGCTCTGATCAAGAGAC^ 
ATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGG 

AATGAACTGCAAGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTC 

TC^CTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTC 

CGAGAAAGTAT CCATCATGGCTGATGCAATGCGGCGGCTGCATACG CTTGATCCGGCTACCTGCCCATTCGACCACCAA 

GCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTC 

AGGGGCTCGCGCCAGCCGAACTGTTCGCGAGGCTCAAGGCGAGCATGCCCGAC^ 

CGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCAT^ 

GACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCG 
TGCTTTACGGTATCGCCGCTCCCGAOTCGCAGCGCATCGCCT^ 

CGCTTACAATTT CCTGATGCGGTATTTT CTCCTTACG CATCTGTGCGGTATTTCACACCGCATACAGGTGGCACTTTTC 
G GG G AAATGTG CGCGGAAC C C C TATTTGTT TATTTT TCTAAATACATTCAAATATGT AT CCGCT CATG AGACAATAAC C 
CTGATAAATGCTTGAATAATAGCACGTGAGGAGGGCCACCATGGCCAAGT^ 

CGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCG 
GTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCT 
GTGGGTGCX3CX5GCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGAOT 
GCCATGACCGAGATCGG CGAGCAGCCGTGGGGG CGGGAGTTCGCCCTGCGCGACCCX3GCCGGCAACTGCGTGCACTTCG 
TGGCCGAGGAGCAGGACTGAC^CGTGCTAAAACreCATTTTTAAT^ 

TCTCATGACC^AATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCT 
TGAGATCCTTTTTTTC TGCGCGTAATCTGC TGCTTGC^AACAAAAAAACCAC(^CTACCAGCGGTGGTTTGTTTGCCGG 
ATC AAGAG CT AC CAACT C TTTT TC CGAAGGT AACTGGCTTCAGCAGAG C GCAGATAC CAAATACTGTCCTT CT AGT GTA 
GCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTG 

GCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGGAGCGGTC^ 

GAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTAC^CCGAACTGAGATAC 

AGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCTCGACAGGTATCC^ 

AGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTMGGTTTCGCCACCTCTGACTTGAG 
TGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGG 
GCCTTTTGCTGACATGTTCTTTCCTCCGTTATCCCCTGATTCTGTGGATAACCGTATTA 
ACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAG 
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Figure 5.1 



GGGCGAATTCGAGCTCGGTACCCGGGGATCCTCT 

CCTAAATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCT 

CGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGC^ 

CCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGC^ 

TGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCX3GCTC 

AAGGCGGT^TACGGTTATCC^CAGAATCA^ 

GGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGC^ 

AAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG^ 

GTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGO^ 

GTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAOT 

CGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATOTC^ 

AGGATTAG CAGAG CGAGG TATG TAGGCGGTGCTACAG AGTTCTTGAAGTGGTGGCCTAACTACXjGCrACACTAGAAGAA 
CAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCX5GAAA^ 
C^CCGCTGGTAGCGGTGGTTTTTTTGTWGC^G'C^^ 
ATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT 

T CTT CAC CT AGAT C C TTT TAAAT TAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGT CTGACAG 
TTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTO 

GTGTAGATAACTACGATACXXSGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCA 

CT CC AGATT TAT CAG CAAT AAAC CAGC CAGCCGGAAGGGCCGAG CGCAGAAGTGGTC CTG CAACTTTATCCGCCTCCAT 

C CAGTCTATTAAT TGT TGC CGG G AAGCTAG AGT AAGT AGTTCGCCAGTTAAT AGTTTG CG CAACGTTGTTGCCATTGCT 

ACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCC^^ 

GATCCCCCATGTTGTGC^AAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTi^^ 

ATCACTCATGGTTATGGCAGCACTG CATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAG 
TACT CAAC CAAGT CATT C TGAGT^TAGTGTATGCGGCGACCGAGTTGCTCTTG CCCGG CGT CAATACGGGAT AATACCG 
CGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACXjTTCTTCG^ 
GTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCre 

TGAG CAAAAACAGG AAGG CAAAATG C CX3CAAAAAAGGGAAT AAGGGCGACACGGAAATGT TGAATACT CAT ACTCTTC C 

TTTTTCJ^TATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATAC^TATTTGAATGTATTTAGAAAAATAA 

ACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAA 

TATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCT 

TCCCGGAGACGGTCACAG CTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCC CGTCAGGGCGTOTC^ 

CGGGTGTCGGGGCTGGCTTAACTATGCGGGATC^GAGGAGATTGTACTGAGAGTG 

CACAGATGCGTAAGGAGAAAATACCGCATCAGGAAATTGTAAGCGTTAATATTTTGTTAAA^ 

TTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGA 

TTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAATO 

ATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTT 

GAAC C C TAAAGGGAG C C C C CG ATT T AG AGCTTGACGGGGAAAG C CGG CG AACGTGG CGAG AAAGGAAGGGAAGAAAGCG 

AAAGGAGCGGGCGCTAGGGCXSCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACC^CCACACCCGCCGCGCTTAATGCGC 

CXSCTACAGGGCGCGTCCATTCGCCATTCAGGCTGCGCAACTGTTGGGi^ 

CGCGAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTT^ 

AAACGA CG G C CAGTGAATTGTAATACGACT CACTAT A 
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Figure 5.2 



AATGCTACTACTATTAGTAGAATTGATGCCA^ 

AC CATTTGCGAAATGTAT CTAATGGT CAAACT AAAT C TACTCGTT C GCAGAATTGGGAATCAACTGTTACATGGAATGA 
AACTT C CAGACAC CG T ACTT T AGT TG CAT ATT T AAAACATGT TGAGCTACAG CACCAGATT CAG CAATTAAGCT CTAAG 
CGATCCGCAAAAATGACCTCTTATCAAAAGGAGCAATTAAAGGTACTCTCTAAT^ 

GTCTGGTT CGCTT TG AAGCT CGAAT TAAAACGCGATAT TTG AAGTCTTTCGGGCTT C CTCI^AATCTTTTTGATGCAAT 

CCGCTTTGCTTCTGACTATAATAGTCAGGGTAAAGACCTGACT 

AAAGCATTTGAGGGGGATTCAATGAATATTTATGACGATTC^ 

TGATAGTGTTGCTCTTACTATGCCTCGT^ 
TCTCAACTGATCAATCTTTCTACCTGTAAT^ 

GTCCTGACTGGTATAATGAGCCAGTTCTTAAAATCGCATAAGGTAATTCACAATGATTAA 

CAAGCCCAATTTACTACTCGTTCTGGTGTTCTCGTCAGGGCAAGCCTTATTCACT 

TTTGGGTAATGAATATCCGGTTCITGTCAAGATTACTCTTGATGAAGGTCAGC 

GTTCATCTGTCCTCTTTCAAAGTTGGTC^GTTCGGTTCCCTTATGATT^ 

ATGGAGCAGGTjCGCGGATTTCGAf^ 

taatcgctgggggtc^aagatgagtgttttagtgtattctttcgk:ctct 

attacgtat^ttacccgtttaatggaaacttcctcatgaaaaagtcittagtcctcaaa 

cctcgttccgatgctgtctttcgctgctgagggtgacgatcccgcaaaagcggcctt^^ 

accgaatatatcggttatgcx3tgggcgatggttgttgtcattgtcggcgcaactatcggtatcaagctgtttaagaa 

t cacct cgaaag caag c tg at aaac cgat acaatt aaagg c tc ct tttggagcct ttttttt tggaga j l"i u l u l l caacgtg 

aaaaaattattattcgcaattcctttagttgttcctttctattctcactccgctg 

aac c c cat ac ag aaaat tcattt actaacgtctggaaag acgac aaaac tttagat cgt t acgct aactatgagggttg 

tctctggaatgctacaggcgttgtagtttgtactggtgacgaaactcagtgttacggt^ 

gctatccctgaaaatgagggtggtggctctgagggtggcggttctgagggtggcggttctgagggtggc 

ctcctgagtacggtgatacacctattccgggctatacttatatcaaccct 

gcaaaaccc cgctaat c ctaatccttctcttgaggagtcttcagcctcttaatactttc^^ 

cgaaataggcagggggcattaactgtttatacgggcactgtt^ 

acactcctgtatcatcaaaagccatgtatgacgcttactggaacggtaaatt'cagagactgcgctt 

taatgaagatccattcgtttgtgaatatcaaggcc^^tcgtctgaccto 

tctggtggtggttctggtggcggctctgagggtggtggctctgagggtggcggttctgagg 

gcggttccggtggtggctctggttccggtgattttgattatgaaaagatogcaaacgctaataagggggctatgaccga 

aaatgccgatgaaaacgcx5ctacagtctgacgctaaaggcaaacttgattctg 

gatggttt cattggtgacgtttccggccttgctaatggtaatggtgctactggtgattttgctggctctaattc cca 

tggctc^gtcggtgacggtgataattcacctttaatgaataatttccgtcaatatttacct 

tgaatgtcgcccttttgtctttagcgctggtaaaccatatgaattttctatc^ 

ggtgtctttgcgtttcttttatatgttgccacctttatgtatgtattttct^ 

agtcttaatcatgccagttcttttgggtattccgttattattgcx3tttcctcggtttccttctggtaacto 

ttaactcaattcttgtgggttatctctctgatattagcgctcaattaccctc 

TCTCCCGTCTAATGCGCTTCCCnXSTTTTTATGTTATTCTCTCTGTAAAGGCT^ 

AAAATCGTTTCTTATTTGGATTGGGATAAATAATATGGCTGTTTATTTTGTAACTGGCAAATTAGGCTCTGGAAAGACG 
CTCGTTAGCGTTGGTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCAACTAATCTTGATO 
ACCTCCCGCAAGTCGGGAGGTTCGCTAAAATOCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTC 
TGCTATTGGGCGCGGTAATGATTCCTACGATGAAAATAAAAACGGCTTGCTTGTTCTCGATGAGTGCGGTACTTGGTTT 
AATAC CCGT T C TTGGAATGAT AAGG AAAGACAGC CGATTATTGATT GGTTTCT ACATGC TCGT AAATTAGGATGGGATA 
TTATTTTT CTTGTTCAGGACTTATCTATTGTTGATAAACAGGCGCGTT CTGCATTAGCTGAACATGTTGTTTATTGTCG 
TCGTCTGGACAGAATTACTTTACCTTTTGT CGGTACTTTATATTCTCTTATTACTX^CT CGAAAATGCCTCTGCCTAAA 
TTACATGTTGGCGTTGTTAAATATGGCGATTCTCAATTAAGCCCTA 

TGTATAACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTATTCTTATTTAACGCCOT 

AT CACAC GGTCGGTATTTCAAACCATT AAAT TT AGGTCAGAAG ATGAAATTAACTAAAAT ATAT TTGAAAAAGTTTT C T 
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CGCGTTCTTTGTCTTGKX3ATTGGATTTGCA 

AGGTAGTCTCTCAGACCTATGATTTTGATAAATTCACTATTGACTCTTCT^ 
TTTCAAGGATTCTAAGGGAAAATTAATTAATAGCGA^^ 

TGTACTGTTTCCATTAAAAAAGGTAATTCAAATGAAATTGTTAAATGTAATTAATTTTO 

TCATCTTCTTTTGCTCAGGTAATTGAAATGAATAATO 

GCGAATCCGTTATTGTTTCTCCCGATGTAAAAGGTACTCTTACTGTAT^ 

CAATTTCTTTATTTCTGTTTTACGTGCTAATAATTTTGATATGGTTGGOT 

CCAAACAATCAGGATTATATTGATGAATTGCCATC^TCTGATAATCAGGAATATGAT 

GTTTCTTTGTTCCGCAAAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAA 

TGTCGAATTGTTTGTAAAGTCTAATACTTCTAAATCCTCAAATGTAT^ . 

AGTGCACCTAAAGATATTTTAGATAAC CTTCCTCAATTCCTTTCTACTGTTGATTTGC CAACTGACCAGATATTGATTG 

AGGGTTTGATATTTGAGGTTCAGCAAGGTGATGCTTTAGATTTTT 

AGGCGGTGTTAATACTGACCGCCTCACCTCTGTTTTATCTTCTGCTGGT^ 

TTAGGGCTATCAGTTCGCGCATTAAAGACTAATAGCCATTCAAAAATATTGTCTO 

GTCAGAAGGGTTCTATCTCTGTTGGCCAGAATGTCCCTTTTATTACTGGTCGTGTGACTGGTGAA^ 

TAATCCATTTCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGraTTTT^ 

ATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCA ^ 

GTATTGCTACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACT 

AGATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATC 

AGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAG 

ACGCGGAGCGTGACCGCTACACTTGCGAGCGCCCTA 

TCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTO 

CAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGT 

TCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACT 

AAGGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTC^ 

CAACTCTCTCAGGGCGAGGCGGTGAAGGGCAATCAGCrGTTCCC^ 

CCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC^^ 

CGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATG 

T CGTATGTT GTGTGGAATT GTGAG CGG AT AACAAT TT CACACAGGAAACAGCTATGAC CATGATTACGAATTCGAGCTC 

GGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGC ACn'GGCCGTCGTTTTACA ACGT 

GAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGO^CATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCC 

GCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCrrT 

GCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACGGTCGTCGTCCCCTGAAACTGGCAGAT 
GATGCX5CCCATCTACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGA 
GTTACT CGCT CACATTT AATGTTGATGAAAGCTGGCT ACAGGAAGGCCAGACGCX3AATTA 
TGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTO 

CTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATT 

ACCGTTCATCGATTCTCTTGTTTGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGATCTCT 

ACCCTCTCCGGCATTAATTTATCAGCTAGAACXaGTTG^ 

ACCCTTTTGAATCTTTACCTACAGATTACTCAGGC^T^ 

CGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCT^ 
GAGG CTTT AT TGC T TAATTT TGCTAATT CT TTGC CTTGC CTGTATG ATTTATTGGATGTT 
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Figure 5.3 



AGCGGATAACAATTTCACACAGGAAACAGCTATG 

AGCTATGCATCAAGCTTGGTACCGAGCTCGGATCCACTAGTAACGGCCGCCMSTGTGCTGGAAT^ 

TA7VAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGCGATGTTAATGGGCAAAAATTCT 

GTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATTTATTT 

TT C CAT GGC CAACAC TTGTCACTACT TT CGCGTAT GGTC TT CAATGCTTTGCGAGATAC CCAGATCATATGAAACAGCA 

TGACTTTT T CAAGAGTGC CATG CCCGAAGGTTATGTACAGG AAAGAACTAT ATTTTACAAAGATGACGGG^ 

AC ACGT GCT GAAGT CAAGTT T G AAGGTGATACC CT TGTT AATAGAATCGAGTT AAAAGG TAT TGATTTTAAAGAAGATG 

G AAACATT CTTGG ACAC AAAAT GG AAT ACAACT ATAAC TC ACAT AATGTATACAT CATGGCAGACAAAC CAAAGAATGG 

AAT CAAAGT T AACTT CAAAAT TAGACACAACATTAAAG ATGGAAGCGTTCAAT T AGCAG AC CATT AT C AACAAAATACT 

CGAATTGGCGATGGCCCTGTCCTTTTACC^GACAACCATT^ 

AAAAGAGAGATCACATGATCCTTCTTGAGTTTGTAACAGCTGCTGGGATTACACATGGCATG 
Agg a t CcTAAGGGCGAATTCTGCAGATATCCATCACACTGGCGGCCGCT 

CTATAGTGAGTCGTATTACAATT CACTGGCCGTCGTTTTACA ACGTCGTGACTGGK3AAAACCCTGGCG 
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Figure 5.4 
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Figure 5.5 
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Figure 5,6 
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Figure 5,7 
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Figure 6.1 



TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACAGATGCAGCTCCC^ 
TGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTGAGCGGGTGTTGGCGGGTGTCGG^ 
GAGGAGATTGTACTGAGAGTGCACCATATGCGGTGTGAA 
GCCATTCX5CCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTG 

AGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGG^ 
GCGAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGC^ 

TTT C CTGT GT G AAATTGTT ATC CG CTCACAATT C CACACAACAT ACGAGC CGGAAGCATAAAGTGTAAAGCCTGGGGTG 

CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAAC 

GCATTAATGAATCGGCCAACGCGCGGGGAGAG GCGGTTTGCGTATTGGG CGCTCTTCCGCTTCCTCGCTCA 

CTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAA 

ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGTO 

CCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTC^^ 

AGATACCAGGCGTTTCCCCCTWAAGCTCCCTCGTGCGCT 

CCT TT CT C CCTT CGGGAAG C GTG G CG CT TT C TCAATGCT C ACGCTGTAGGT AT CT CAGTT CGGTGT AGGT CGTTCGCTC 
CAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTC 

CCGG TAAGACACG AC T TAT CGCCAC TGG CAG CAGCCACTGG TAACAGGATTAG CAGAGCGAGG TATGTAGGCGGTGCTA 
C^GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACrAGAAGGA 

TACCTT CGGAAAAAGAGTTGGTAGCTCTTGATC CGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAG 
CAG CAGATTACGCG CAGAAAAAAAGGAT CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTQACGCTCAGTGGAACG 
AAAACTCACG T TAAGGG ATTTTG G TCATGAGATTATCAAAAAGGAT CTTCAC CTAGATCCTTTTAAATTAAAAATGAAG 
TTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTT 

GCGATCTGTCTATTTCGTT CAT CCATAGTTG CCTGACTCCCCGTCGTGTAGATAACTACGAT ACGGGAGGK3CTTACCAT 

CTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCA 

AAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATC 

AGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTAC^GGCATC^ 

TGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGC^ 

CTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTA 

CTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTC^ 

GK3CX3ACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCAC^ 

TGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGLATCCAGTTC 

CCCAACTGATCTTCAGCATCTTTTACTTTGACCAGCGTT^ 

AGGGAATAAGGG CGACACGGAAATGTTGAATACT CATACTCTT CCTTTTTCAATATTATTGAAGCATTTAT CAGGGTTA 

TTGTCTCATGAGCGGATACT^TATTTGAATGTATTTAGAAAAATAAACAAATAGG 

GTGCCACCTGACGTCTAAGAAACGATTATTATCATGACATTAACCTATAAAA^ 
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Figure 6.2 
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Figure 6.4 
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Figure 7.1 
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Figure 7.2 
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Figure 8.1 
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Figure 10.1 
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Figure 11.1 
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Figure 12.1 
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Figure 12.2 
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Figure 12.3 
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Figure 12.4 
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<U0> Nuclei cs Pty Ltd 

<120> Methods for performing chemical reactions 

<130> 35561WOPOO 

<140> PCT/AU03/ 

<141> 2003-06-13 

<150> AU PS 2981 

<151> 2002-06-13 

<160> 11 

<170> Patentin version 3.0 

<210> 1 

<211> 4245 

<212> DNA 

<213> Plasmid pCR-Blunt II-TOPO 



<400> 1 
agcgcccaat 


acgcaaaccg 


cctctccccg 


cgcgttggcc 


gattcattaa 


tgcagctggc 


60 


acgacaggtt 


tcccgactgg 


aaagcgggca 


gtgagcgcaa 


cgcaattaat 


gtgagttagc 


120 


tcactcatta 


ggcaccccag 


gctttacact 


ttatgcttcc 


ggctcgtatg 


ttgtgtggaa 


180 


ttgtgagcgg 


ataacaattt 


cacacaggaa 


acagctatga 


ccatgattac 


gccaagctat 


240 


ttaggtgaca 


ctatagaata 


ctcaagctat 


gcatcaagct 


tggtaccgag 


ctcggatcca 


300 


ctagtaacgg 


ccgccagtgt 


gctggaattc 


gccctcatat 


gagtaaagga 


gaagaacttt 


360 


tcactggagt 


tgtcccaatt 


cttgttgaat 


tagatggcga 


tgttaatggg 


caaaaattct 


420 


ctgtcagtgg 


agagggtgaa 


ggtgatgcaa 


catacggaaa 


acttaccctt 


aaatttattt 


480 


gcactactgg 


gaagctacct 


gttccatggc 


caacacttgt 


cactactttc 


gcgtatggtc 


540 


ttcaatgctt 


tgcgagatac 


ccagatcata 


tgaaacagca 


tgactttttc 


aagagtgcca 


600 


tgcccgaagg 


ttatgtacag 


gaaagaacta 


tattttacaa 


agatgacggg 


aactacaaga 


660 
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cacgtgctga 

ttgattttaa 

ataatgtata 

gacacaacat 

ttggcgatgg 

ccaaagatcc 

ggattacaca 

tatccatcac 

gagtcgtatt 

gttacccaac 

gaggcccgca 

gtttacacct 

attgacacgc 

aaagtctccc 

accaccgata 

caccgcgaaa 

ggcatgagat 

cagaaacggt 

gcaagcgcaa 

gcggttttat 

gggaagccct 

ggatcaagct 

ttgcacgcag 

cagacaatcg 

ctttttgtca 

ctatcgtggc 

gcgggaaggg 

cttgctcctg 

gatccggcta 

cggatggaag 

ccagccgaac 

acccatggcg 

atcgactgtg 

gatattgctg 

gccgctcccg 



agtcaagttt 
agaagatgga 
catcatggca 
taaagatgga 
ccctgtcctt 
caacgaaaag 
tggcatggat 
actggcggcc 
acaattcact 
ttaatcgcct 
ccgatcgccc 
ataaaagaga 
cggggcgacg 
gtgaacttta 
tggccagtgt 
atgacatcaa 
tatcaaaaag 
gctgaccccg 
agagaaagca 
ggacagcaag 
gcaaagtaaa 
ctgatcaaga 
gttctccggc 
gctgctctga 
agaccgacct 
tggccacgac 
actggctgct 
ccgagaaagt 
cctgcccatt 
ccggtcttgt 
tgttcgccag 
atgcctgctt 
gccggctggg 
aagagcttgg 
attcgcagcg 



gaaggtgata 
aacattcttg 
gacaaaccaa 
agcgttcaat 
ttaccagaca 
agagatcaca 
gaactataca 
gctcgagcat 
ggccgtcgtt 
tgcagcacat 
ttcccaacag 
gagccgttat 
gatggtgatc 
cccggtggtg 
gccggtctcc 
aaacgccatt 
gatcttcacc 
gatgaatgtc 
ggtagcttgc 
cgaaccggaa 
ctggatggct 
gacaggatga 
cgcttgggtg 
tgccgccgtg 
gtccggtgcc 
gggcgttcct 
attgggcgaa 
atccatcatg 
cgaccaccaa 
cgatcaggat 
gctcaaggcg 
gccgaatatc 
tgtggcggac 
cggcgaatgg 
catcgccttc 



cccttgttaa 
gacacaaaat 
agaatggaat 
tagcagacca 
accattacct 
tgatccttct 
aataaggatc 
gcatctagag 
ttacaacgtc 
ccccctttcg 
ttgcgcagcc 
cgtctgtttg 
cccctggcca 
catatcgggg 
gttatcgggg 
aacctgatgt 
tagatccttt 
agctactggg 
agtgggctta 
ttgccagctg 
ttctcgccgc 
ggatcgtttc 
gagaggctat 
ttccggctgt 
ctgaatgaac 
tgcgcagctg 
gtgccggggc 
gctgatgcaa 
gcgaaacatc 
gatctggacg 
agcatgcccg 
atggtggaaa 
cgctatcagg 
gctgaccgct 
tatcgccttc 



tagaatcgag 

ggaatacaac 

caaagttaac 

ttatcaacaa 

gtccacacaa 

tgagtttgta 

ctaagggcga 

ggcccaattc 

gtgactggga 

ccagctggcg 

tatacgtacg 

tggatgtaca 

gtgcacgtct 

atgaaagctg 

aagaagtggc 

tctggggaat 

tcacgtagaa 

ctatctggac 

catggcgata 

gggcgccctc 

caaggatctg 

gcatgattga 

tcggctatga 

cagcgcaggg 

tgcaagacga 

tgctcgacgt 

aggatctcct 

tgcggcggct 

gcatcgagcg 

aagagcatca 

acggcgagga 

atggccgctt 

acatagcgtt 

tcctcgtgct 

ttgacgagtt 



ttaaaaggta 
tataactcac 
ttcaaaatta 
aatactccaa 
tctgcccttt 
acagctgctg 
attctgcaga 
gccctatagt 
aaaccctggc 
taatagcgaa 
gcagtttaag 
gagtgatatt 
gctgtcagat 
gcgcatgatg 
tgatctcagc 
ataaatgtca 
agccagtccg 
aagggaaaac 
gctagactgg 
tggtaaggtt 
atggcgcagg 
acaagatgga 
ctgggcacaa 
gcgcccggtt 
ggcagcgcgg 
tgtcactgaa 
gtcatctcac 
gcatacgctt 
agcacgtact 
ggggctcgcg 
tctcgtcgtg 
ttctggattc 
ggctacccgt 
ttacggtatc 
cttctgaatt 
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attaacgctt 


acaatttcct 


gatgcggtat 


tttctcctta 


cgcatctgtg 


cggtatttca 


2820 


caccgcatac 


aggtggcact 


tttcggggaa 


atgtgcgcgg 


aacccctatt 


tgtttatttt 


2880 


tctaaataca 


ttcaaatatg 


tatccgctca 


tgagacaata 


accctgataa 


atgcttcaat 


2940 


aatagcacgt 


gaggagggcc 


accatggcca 


agttgaccag 


tgccgttccg 


gtgctcaccg 


3000 


cgcgcgacgt 


cgccggagcg 


gtcgagttct 


ggaccgaccg 


gctcgggttc 


tcccgggact 


3060 


tcgtggagga 


cgacttcgcc 


ggtgtggtcc 


gggacgacgt 


gaccctgttc 


atcagcgcgg 


3120 


tccaggacca 


ggtggtgccg 


gacaacaccc 


tggcctgggt 


gtgggtgcgc 


ggcctggacg 


3180 


agctgtacgc 


cgagtggtcg 


gaggtcgtgt 


ccacgaactt 


ccgggacgcc 


tccgggccgg 


3240 


ccatgaccga 


gatcggcgag 


cagccgtggg 


ggcgggagtt 


cgccctgcgc 


gacccggccg 


3300 


gcaactgcgt 


gcacttcgtg 


gccgaggagc 


aggactgaca 


cgtgctaaaa 


cttcattttt 


3360 


aatttaaaag 


gatctaggtg 


aagatccttt 


ttgataatct 


catgaccaaa 


atcccttaac 


3420 


gtgagttttc 


gttccactga 


gcgtcagacc 


ccgtagaaaa 


gatcaaagga 


tcttcttgag 


3480 


atcctttttt 


tctgcgcgta 


atctgctgct 


tgcaaacaaa 


aaaaccaccg 


ctaccagcgg 


3540 


tggtttgttt 


gccggatcaa 


gagctaccaa 


ctctttttcc 


gaaggtaact ggcttcagca 


3600 


gagcgcagat 


accaaatact 


gtccttctag 


tgtagccgta 


gttaggccac cacttcaaga 


3660 


actctgtagc 


accgcctaca 


tacctcgctc 


tgctaatcct 


gttaccagtg gctgctgcca 


3720 


gtggcgataa 


gtcgtgtctt 


accgggttgg 


actcaagacg 


atagttaccg 


gataaggcgc 


3780 


agcggtcggg 


ctgaacgggg 


ggttcgtgca 


cacagcccag 


cttggagcga acgacctaca 


3840 


ccgaactgag 


atacctacag 


cgtgagctat 


gagaaagcgc 


cacgcttccc gaagggagaa 


3900 


aggcggacag 


gtatccggta 


agcggcaggg 


tcggaacagg 


agagcgcacg 


agggagcttc 


3960 


cagggggaaa 


cgcctggtat 


ctttatagtc 


ctgtcgggtt 


tcgccacctc 


tgacttgagc 


4020 


gtcgattttt 


gtgatgctcg 


tcaggggggc 


ggagcctatg 


gaaaaacgcc 


agcaacgcgg 


4080 


cctttttacg 


gttcctgggc 


ttttgctggc 


cttttgctca 


catgttcttt 


cctgcgttat 


4140 


cccctgattc 


tgtggataac 


cgtattaccg 


cctttgagtg 


agctgatacc gctcgccgca 


4200 


gccgaacgac 


cgagcgcagc 


gagtcagtga 


gcgaggaagc 


ggaag 




4245 



<210> 2 
<211> 3197 
<212> DNA 

<213> Plasmid pGEM-3zf (+) 
<400> 2 

gggcgaattc gagctcggta cccggggatc ctctagagtc gacctgcagg catgcaagct 60 
tgagtattct atagtgtcac ctaaatagct tggcgtaatc atggtcatag ctgtttcctg 120 
tgtgaaattg ttatccgctc acaattccac acaacatacg agccggaagc ataaagtgta 180 
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aagcctgggg tgcctaatga gtgagctaac tcacattaat tgcgttgcgc tcactgcccg 
ctttccagtc gggaaacctg tcgtgccagc tgcattaatg aatcggccaa cgcgcgggga 
gaggcggttt gcgtattggg cgctcttccg cttcctcgct cactgactcg ctgcgctcgg 
tcgttcggct gcggcgagcg gtatcagctc actcaaaggc ggtaatacgg ttatccacag 
aatcagggga taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc 
gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg cccccctgac gagcatcaca 
aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcgt 
ttccccctgg aagctccctc gtgcgctctc ctgttccgac cctgccgctt accggatacc 
tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca tagctcacgc tgtaggtatc 
tcagttcggt gtaggtcgtt cgctccaagc tgggctgtgt gcacgaaccc cccgttcagc 
ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc caacccggta agacacgact 
tatcgccact ggcagcagcc actggtaaca ggattagcag agcgaggtat gtaggcggtg 
ctacagagtt cttgaagtgg tggcctaact acggctacac tagaagaaca gtatttggta 
tctgcgctct gctgaagcca gttaccttcg gaaaaagagt tggtagctct tgatccggca 
aacaaaccac cgctggtagc ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa 
aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgct cagtggaacg 
aaaactcacg ttaagggatt ttggtcatga gattatcaaa aaggatcttc acctagatcc 
ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa acttggtctg 
acagttacca atgcttaatc agtgaggcac ctatctcagc gatctgtcta tttcgttcat 
ccatagttgc ctgactcccc gtcgtgtaga taactacgat acgggagggc ttaccatctg 
gccccagtgc tgcaatgata ccgcgagacc cacgctcacc ggctccagat ttatcagcaa 
taaaccagcc agccggaagg gccgagcgca gaagtggtcc tgcaacttta tccgcctcca 
tccagtctat taattgttgc cgggaagcta gagtaagtag ttcgccagtt aatagtttgc 
gcaacgttgt tgccattgct acaggcatcg tggtgtcacg ctcgtcgttt ggtatggctt 
cattcagctc cggttcccaa cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa 
aagcggttag ctccttcggt cctccgatcg ttgtcagaag taagttggcc gcagtgttat 
cactcatggt tatggcagca ctgcataatt ctcttactgt catgccatcc gtaagatgct 
tttctgtgac tggtgagtac tcaaccaagt cattctgaga atagtgtatg cggcgaccga 
gttgctcttg cccggcgtca atacgggata ataccgcgcc acatagcaga actttaaaag 
tgctcatcat tggaaaacgt tcttcggggc gaaaactctc aaggatctta ccgctgttga 
gatccagttc gatgtaaccc actcgtgcac ccaactgatc ttcagcatct tttactttca 
ccagcgtttc tgggtgagca aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg 
cgacacggaa atgttgaata ctcatactct tcctttttca atattattga agcatttatc 
agggttattg tctcatgagc ggatacatat ttgaatgtat ttagaaaaat aaacaaatag 
gggttccgcg cacatttccc cgaaaagtgc cacctgacgt ctaagaaacc attattatca 
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tgacattaac ctataaaaat aggcgtatca cgaggccctt tcgtctcgcg cgtttcggtg 2340 

atgacggtga aaacctctga cacatgcagc tcccggagac ggtcacagct tgtctgtaag 2400 

cggatgccgg gagcagacaa gcccgtcagg gcgcgtcagc gggtgttggc gggtgtcggg 2460 

gctggcttaa ctatgcggca tcagagcaga ttgtactgag agtgcaccat atgcggtgtg 2520 

aaataccgca cagatgcgta aggagaaaat accgcatcag gaaattgtaa gcgttaatat 2580 

tttgttaaaa ttcgcgttaa atttttgtta aatcagctca ttttttaacc aataggccga 2640 

aatcggcaaa atcccttata aatcaaaaga atagaccgag atagggttga gtgttgttcc 2700 

agtttggaac aagagtccac tattaaagaa cgtggactcc aacgtcaaag ggcgaaaaac 2760 

cgtctatcag ggcgatggcc cactacgtga accatcaccc taatcaagtt ttttggggtc 2820 

gaggtgccgt aaagcactaa atcggaaccc taaagggagc ccccgattta gagcttgacg 2880 

gggaaagccg gcgaacgtgg cgagaaagga agggaagaaa gcgaaaggag cgggcgctag 2940 

ggcgctggca agtgtagcgg tcacgctgcg cgtaaccacc acacccgccg cgcttaatgc 3000 

gccgctacag ^ggcgcgtcca ttcgccattc aggctgcgca actgttggga agggcgatcg 3060 

gtgcgggcct cttcgctatt acgccagctg gcgaaagggg gatgtgctgc aaggcgatta 3120 

agttgggtaa cgccagggtt ttcccagtca cgacgttgta aaacgacggc cagtgaattg 3180 

taatacgact cactata 3197 

<210> 3 
<211> 7249 
<212> DNA 

<213> Bacteriophage Ml3mpl8 



<400> 3 

aatgctacta ctattagtag aattgatgcc accttttcag ctcgcgcccc aaatgaaaat 60 

atagctaaac aggttattga ccatttgcga aatgtatcta atggtcaaac taaatctact 120 

cgttcgcaga attgggaatc aactgttaca tggaatgaaa cttccagaca ccgtacttta ' 180 

gttgcatatt taaaacatgt tgagctacag caccagattc agcaattaag ctctaagcca 240 

tccgcaaaaa tgacctctta tcaaaaggag caattaaagg tactctctaa tcctgacctg 300 

ttggagtttg cttccggtct ggttcgcttt gaagctcgaa ttaaaacgcg atatttgaag 360 

tctttcgggc ttcctcttaa tctttttgat gcaatccgct ttgcttctga ctataatagt 420 

cagggtaaag acctgatttt tgatttatgg tcattctcgt tttctgaact gtttaaagca 480 

tttgaggggg attcaatgaa tatttatgac gattccgcag tattggacgc tatccagtct 540 

aaacatttta ctattacccc ctctggcaaa acttcttttg caaaagcctc tcgctatttt 600 

ggtttttatc gtcgtctggt aaacgagggt tatgatagtg ttgctcttac tatgcctcgt 660 

aattcctttt ggcgttatgt atctgcatta gttgaatgtg gtattcctaa atctcaactg 720 
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atgaatcttt 
tcttcccaac 
caatgattaa 
tcgtcagggc 
atatccggtt 
gtacaccgtt 
tctgcgcctc 
aggcgatgat 
aaagatgagt 
tggcattacg 
aaagcctctg 
gatcccgcaa 
gcgtgggcga 
ttcacctcga 
ttttggagat 
attctcactc 
ttactaacgt 
tgtggaatgc 
gggttcctat 
ctgagggtgg 
ttccgggcta 
accccgctaa 
agaataatag 
aaggcactga 
atgacgctta 
atccattcgt 
ctggcggcgg 
gcggttctga 
attttgatta 
aaaacgcgct 
ctgctatcga 
gtgattttgc 
taatgaataa 
ttgtctttag 
tccgtggtgt 



ctacctgtaa 
gtcctgactg 
agttgaaatt 
aagccttatt 
cttgtcaaga 
catctgtcct 
gttccggcta 
acaaatctcc 
gttttagtgt 
tattttaccc 
tagccgttgc 
aagcggcctt 
tggttgttgt 
aagcaagctg 
tttcaacgtg 
cgctgaaact 
ctggaaagac 
tacaggcgtt 
tgggcttgct 
cggttctgag 
tacttatatc 
tcctaatcct 
gttccgaaat 
ccccgttaaa 
ctggaacggt 
ttgtgaatat 
ctctggtggt 
gggtggcggc 
tgaaaagatg 
acagtctgac 
tggtttcatt 
tggctctaat 
tttccgtcaa 
cgctggtaaa 
ctttgcgttt 



taatgttgtt 
gtataatgag 
aaaccatctc 
cactgaatga 
ttactcttga 
ctttcaaagt 
agtaacatgg 
gttgtacttt 
attctttcgc 
gtttaatgga 
taccctcgtt 
taactccctg 
cattgtcggc 
ataaaccgat 
aaaaaattat 
gttgaaagtt 
gacaaaactt 
gtagtttgta 
atccctgaaa 
ggtggcggta 
aaccctctcg 
tctcttgagg 
aggcaggggg 
acttattacc 
aaattcagag 
caaggccaat 
ggttctggtg 
tctgagggag 
gcaaacgcta 
gctaaaggca 
ggtgacgttt 
tcccaaatgg 
tatttacctt 
ccatatgaat 
cttttatatg 



ccgttagttc gttttattaa 
ccagttctta aaatcgcata 
aagcccaatt tactactcgt 
gcagctttgt tacgttgatt 
tgaaggtcag ccagcctatg 
tggtcagttc ggttccctta 
agcaggtcgc ggatttcgac 
gtttcgcgct tggtataatc 
ctctttcgtt ttaggttggt 
aacttcctca tgaaaaagtc 
ccgatgctgt ctttcgctgc 
caagcctcag cgaccgaata 
gcaactatcg gtatcaagct 
acaattaaag gctccttttg 
tattcgcaat tcctttagtt 
gtttagcaaa accccataca 
tagatcgtta cgctaactat 
ctggtgacga aactcagtgt 
atgagggtgg tggctctgag 
ctaaacctcc tgagtacggt 
acggcactta tccgcctggt 
agtctcagcc tcttaatact 
cattaactgt ttatacgggc 
agtacactcc tgtatcatca 
actgcgcttt ccattctggc 
cgtctgacct gcctcaacct 
gcggctctga gggtggtggc 
gcggttccgg tggtggctct 
ataagggggc tatgaccgaa 
aacttgattc tgtcgctact 
ccggccttgc taatggtaat 
ctcaagtcgg tgacggtgat 
ccctccctca atcggttgaa 
tttctattga ttgtgacaaa 
ttgccacctt tatgtatgta 



cgtagatttt 
aggtaattca 
tctggtgttc 
tgggtaatga 
cgcctggtct 
tgattgaccg 
acaatttatc 
gctgggggtc 
gccttcgtag 
tttagtcctc 
tgagggtgac 
tatcggttat 
gtttaagaaa 
gagccttttt 
gttcctttct 
gaaaattcat 
gagggttgtc 
tacggtacat 
ggtggcggtt 
gatacaccta 
actgagcaaa 
ttcatgtttc 
actgttactc 
aaagccatgt 
tttaatgaag 
cctgtcaatg 
tctgagggtg 
ggttccggtg 
aatgccgatg 
gattacggtg 
ggtgctactg 
aattcacctt 
tgtcgccctt 
ataaacttat 
ttttctacgt 



780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
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ttgctaacat 


actgcgtaat 


aaggagtctt 


attattgcgt 


ttcctcggtt 


tccttctggt 


taaaaagggc 


ttcggtaaga 


tagctattgc 


gcttaactca 


attcttgtgg 


gttatctctc 


tgttcagggt 


gttcagttaa 


ttctcccgtc 


ctctgtaaag 


gctgctattt 


tcatttttga 


ttgggataaa 


taatatggct 


gtttattttg 


tcgttagcgt 


tggtaagatt 


caggataaaa 


ttgatttaag 


gcttcaaaac 


ctcccgcaag 


ttagaatacc 


ggataagcct 


tctatatctg 


cctacgatga 


aaataaaaac 


ggcttgcttg 


cccgttcttg 


gaatgataag 


gaaagacagc 


^ _ .^^k ^.-i aattaggatg 


-ggatattatt 


tttcttgttc 


gttctgcatt 


agctgaacat 


gttgtttatt 


ttgtcggtac 


tttatattct 


cttattactg 


ttggcgttgt 


taaatatggc 


gattctcaat 


ctggtaagaa 


tttgtataac 


gcatatgata 


ccggtgttta 


ttcttattta 


acgccttatt 


atttaggtca 


gaagatgaaa 


ttaactaaaa 


gtcttgcgat 


tggatttgca 


tcagcattta 


aggttaaaaa 


ggtagtctct 


cagacctatg 


agcgtcttaa 


tctaagctat 


cgctatgttt 


gcgacgattt 


acagaagcaa 


ggttattcac 


ttaaaaaagg 


taattcaaat 


gaaattgtta 


gtttcatcat 


cttcttttgc 


tcaggtaatt 


gtaacttggt 


attcaaagca 


atcaggcgaa 


actgttactg 


tatattcatc 


tgacgttaaa 


gttttacgtg 


ctaataattt 


tgatatggtt 


aatccaaaca 


atcaggatta 


tattgatgaa 


gataattccg 


ctccttctgg 


tggtttcttt 


tttaaaatta 


ataacgttcg 


ggcaaaggat 


tctaatactt 


ctaaatcctc 


aaatgtatta 


agtgcaccta 


aagatatttt 


agataacctt 


actgaccaga 


tattgattga 


gggtttgata 



aatcatgcca 


gttcttttgg 


gtattccgtt 


2880 


aactttgttc 


ggctatctgc 


ttacttttct 


2940 


tatttcattg 


tttcttgctc 


ttattattgg 


3000 


tgatattagc 


gctcaattac 


cctctgactt 


3060 


taatgcgctt 


ccctgttttt 


atgttattct 


3120 


cgttaaacaa 


aaaatcgttt 


cttatttgga 


3180 


taactggcaa 


attaggctct 


ggaaagacgc 


3240 


ttgtagctgg 


gtgcaaaata 


gcaactaatc 


3300 


tcgggaggtt 


cgctaaaacg 


cctcgcgttc 


3360 


atttgcttgc 


tattgggcgc 


ggtaatgatt 


3420 


ttctcgatga 


gtgcggtact 


tggtttaata 


3480 


cgattattga 


ttggtttcta 


catgctcgta 


3540 


aggacttatc 


tattgttgat 


aaacaggegc — 


3600 


gtcgtcgtct 


ggacagaatt 


actttacctt 


3660 


gctcgaaaat 


gcctctgcct 


aaattacatg 


3720 


taagccctac 


tgttgagcgt 


tggctttata 


3780 


ctaaacaggc 


tttttctagt 


aattatgatt 


3840 


tatcacacgg 


tcggtatttc 


aaaccattaa 


3900 


tatatttgaa 


aaagttttct 


cgcgttcttt 


3960 


catatagtta 


tataacccaa 


cctaagccgg 


4020 


attttgataa 


attcactatt 


gactcttctc 


4080 


tcaaggattc 


taagggaaaa 


ttaattaata 


4140 


tcacatatat 


tgatttatgt 


actgtttcca 


4200 


aatgtaatta 


attttgtttt 


cttgatgttt 


4260 


gaaatgaata 


attcgcctct 


gcgcgatttt 


4320 


tccgttattg 


tttctcccga 


tgtaaaaggt 


4380 


cctgaaaatc 


tacgcaattt 


ctttatttct 


4440 


ggttcaattc 


cttccataat 


tcagaagtat 


4500 


ttgccatcat 


ctgataatca 


ggaatatgat 


4560 


gttccgcaaa 


atgataatgt 


tactcaaact 


4620 


ttaatacgag 


ttgtcgaatt 


gtttgtaaag 


4680 


tctattgacg 


gctctaatct 


attagttgtt 


4740 


cctcaattcc 


tttctactgt 


tgatttgcca 


4800 


rttgaggttc 


agcaaggtga 


tgctttagat 


4860 
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ttttcatttg 
ctcacctctg 
gggctatcag 
attcttacgc 
actggtcgtg 
caaaatgtag 
ctggatatta 
actaatcaaa 
ggtggcctca 
atccctttaa 
tacgtgctcg 
tgtggtggtt 
cgctttcttc 

ggggctccct 

tttgggtgat 
gttggagtcc 
tatctcgggc 
caggattttc 
caggcggtga 
gcgcccaata 
cgacaggttt 
cactcattag 
tgtgagcgga 
cggtacccgg 
ttttacaacg 
atcccccttt 
agttgcgcag 
cggaaagctg 
ggcagatgca 
atccgccgtt 
atgaaagctg 
aaaaaatgag 
aatttaaata 
ggtacatatg 
cagactctca 



ctgctggctc 
ttttatcttc 
ttcgcgcatt 
tttcaggtca 
tgactggtga 
gtatttccat 
ccagcaaggc 
gaagtattgc 
ctgattataa 
tcggcctcct 
tcaaagcaac 
acgcgcagcg 
ccttcctttc 
ttagggttcc 
ggttcacgta 
acgttcttta 
tattcttttg 
gcctgctggg 
agggcaatca 
cgcaaaccgc 
cccgactgga 
gcaccccagg 
taacaatttc 
ggatcctcta 
tcgtgactgg 
cgccagctgg 
cctgaatggc 
gctggagtgc 
cggttacgat 
tgttcccacg 
gctacaggaa 
ctgatttaac 
tttgcttata 
attgacatgc 
ggcaatgacc 



tcagcgtggc 
tgctggtggt 
aaagactaat 
gaagggttct 
atctgccaat 
gagcgttttt 
cgatagtttg 
tacaacggtt 
aaacacttct 
gtttagctcc 
catagtacgc 
tgaccgctac 
tcgccacgtt 
gatttagtgc 
gtgggccatc 
atagtggact 
atttataagg 
gcaaaccagc 
gctgttgccc 
ctctccccgc 
aagcgggcag 
ctttacactt 
acacaggaaa 
gagtcgacct 
gaaaaccctg 
cgtaatagcg 
gaatggcgct 
gatcttcctg 
gcgcccatct 
gagaatccga 
ggccagacgc 
aaaaatttaa 
caatcttcct 
tagttttacg 
tgatagcctt 
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actgttgcag 
tcgttcggta 
agccattcaa 
atctctgttg 
gtaaataatc 
cctgttgcaa 
agttcttcta 
aatttgcgtg 
caagattctg 
cgctctgatt 
gccctgtagc 
acttgccagc 
cgccggcttt 
tttacggcac 
gccctgatag 
cttgttccaa 
gattttgccg 
gtggaccgct 
gtctcgctgg 
gcgttggccg 
tgagcgcaac 
tatgcttccg 
cagctatgac 
gcaggcatgc 
gcgttaccca 
aagaggcccg 
ttgcctggtt 
aggccgatac 
acaccaacgt 
cgggttgtta 
gaattatttt 
cgcgaatttt 
gtttttgggg 
attaccgttc 
tgtagatctc 



gcggtgttaa 
tttttaatgg 
aaatattgtc 
gccagaatgt 
catttcagac 
tggctggcgg 
ctcaggcaag 
atggacagac 
gcgtaccgtt 
ccaacgagga 
ggcgcattaa 
gccctagcgc 
ccccgtcaag 
ctcgacccca 
acggtttttc 
actggaacaa 
atttcggaac 
tgctgcaact 
tgaaaagaaa 
attcattaat 
gcaatta^tg 
gctcgtatgt 
catgattacg 
aagcttggca 
acttaatcgc 
caccgatcgc 
tccggcacca 
ggtcgtcgtc 
aacctatccc 
ctcgctcaca 
tgatggcgtt 
aacaaaatat 
cttttctgat 
atcgattctc 
tcaaaaatag 



tactgaccgc 
cgatgtttta 
tgtgccacgt 
cccttttatt 
gattgagcgt 
taatattgtt 
tgatgttatt 
tcttttactc 
cctgtctaaa 
aagcacgtta 
gcgcggcggg 
ccgctccttt 
ctctaaatcg 
aaaaacjttga 
gccctttgac 
cactcaaccc 
caccatcaaa 
ctctcagggc 
aaccaccctg 
gcagctggca 
tgagttagct 
tgtgtggaat 
aattcgagct 
ctggccgtcg 
cttgcagcac 
ccttcccaac' 
gaagcggtgc 
ccctcaaact 
attacggtca 
tttaatgttg 
cctattggtt 
taacgtttac 
tatcaaccgg 
ttgtttgctc 
ctaccctctc 



4920 
4980 
5040 
5100 
5160 
5220 
5280 
5340 
5400 
5460 
5520 
5580 
5640 
. 5700 
5760 
5820 
5880 
5940 
6000 
6060 
6120 
6180 
6240 
6300 
6360 
6420 
6480 
6540 
6600 
6660 
6720 
6780 
6840 
6900 
6960 
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cggcattaat ttatcagcta gaacggttga atatcatatt gatggtgatt tgactgtctc 
cggcctttct cacccttttg aatctttacc tacacattac tcaggcattg catttaaaat 
atatgagggt tctaaaaatt tttatccttg cgttgaaata aaggcttctc ccgcaaaagt 
attacagggt cataatgttt ttggtacaac cgatttagct ttatgctctg aggctttatt 
gcttaatttt gctaattctt tgccttgcct gtatgattta ttggatgtt 

<210> 4 

<211> 1016 

<212> DNA 

<213> PCR product 

<400> 4 

agcggataac aatttcacac aggaaacagc tatgaccatg attacgccaa gctatttagg 
tgacactata gaatactcaa gctatgcatc aagctjggta ccgagctcgg atccactagt 
aacggccgcc agtgtgctgg aattcgccct catatgagta aaggagaaga acttttcact 
ggagttgtcc caattcttgt tgaattagat ggcgatgtta atgggcaaaa attctctgtc 
agtggagagg gtgaaggtga tgcaacatac ggaaaactta cccttaaatt tatttgcact 
actgggaagc tacctgttcc atggccaaca cttgtcacta ctttcgcgta tggtcttcaa 
tgctttgcga gatacccaga tcatatgaaa cagcatgact ttttcaagag tgccatgccc 
gaaggttatg tacaggaaag aactatattt tacaaagatg acgggaacta caagacacgt 
gctgaagtca agtttgaagg tgataccctt gttaatagaa tcgagttaaa aggtattgat 
tttaaagaag atggaaacat tcttggacac aaaatggaat acaactataa ctcacataat 
gtatacatca tggcagacaa accaaagaat ggaatcaaag ttaacttcaa aattagacac 
aacattaaag atggaagcgt tcaattagca gaccattatc aacaaaatac tccaattggc 
gatggccctg tccttttacc agacaaccat tacctgtcca cacaatctgc cctttccaaa 
gatcccaacg aaaagagaga tcacatgatc cttcttgagt ttgtaacagc tgctgggatt 
acacatggca tggatgaact atacaaataa ggatcctaag ggcgaattct gcagatatcc 
atcacactgg cggccgctcg agcatgcatc tagagggccc aattcgccct atagtgagtc 
gtattacaat tcactggccg tcgttttaca acgtcgtgac tgggaaaacc ctggcg 

<210> 5 

<211> 2686 

<212> DNA 

<213> Plasmid pucl8 



7020 
7080 
7140 
7200 
7249 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1016 



<400> 
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tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60 

cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgggtg 120 

ttggcgggtg tcggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgc 180 

accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccgc atcaggcgcc 240 

attcgccatt caggctgcgc aactgttggg aagggcgatc ggtgcgggcc tcttcgctat 300 

tacgccagct ggcgaaaggg ggatgtgctg caaggcgatt aagttgggta acgccagggt 360 

tttcccagtc acgacgttgt aaaacgacgg ccagtgccaa gcttgcatgc ctgcaggtcg 420 

actctagagg atccccgggt accgagctcg aattcgtaat catggtcata gctgtttcct 480 

gtgtgaaatt gttatccgct cacaattcca cacaacatac gagccggaag cataaagtgt 540 

aaagcctggg gtgcctaatg agtgagctaa ctcacattaa ttgcgttgcg ctcactgccc 600 

gctttccagt cgggaaacct gtcgtgccag ctgcattaat gaatcggcca acgcgcgggg 660 

agaggcggtt tgcgtattgg gcgctcttcc gcttcctcgc tcactgactc gctgcgctcg 720 

gtcgttcggc tgcggcgagc ggtatcagct cactcaaagg cggtaatacg gttatccaca 780 

gaatcagggg ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac 840 

cgtaaaaagg ccgcgttgct ggcgtttttc cataggctcc gcccccctga cgagcatcac 900 

aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg 960 

tttccccctg gaagctccct cgtgcgctct cctgttccga ccctgccgct taccggatac 1020 

ctgtccgcct ttctcccttc gggaagcgtg gcgctttctc aatgctcacg ctgtaggtat 1080 

ctcagttcgg tgtaggtcgt tcgctccaag ctgggctgtg tgcacgaacc ccccgttcag 1140 

cccgaccgct gcgccttatc cggtaactat cgtcttgagt ccaacccggt aagacacgac 1200 

ttatcgccac tggcagcagc cactggtaac aggattagca gagcgaggta tgtaggcggt 1260 

gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt 1320 

atctgcgctc tgctgaagcc agttaccttc ggaaaaagag ttggtagctc ttgatccggc 1380 

aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga 1440 

aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg ggtctgacgc tcagtggaac 1500 

gaaaactcac gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc 1560 

cttttaaatt aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct 1620 

gacagttacc aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcgttca 1680 

tccatagttg cctgactccc cgtcgtgtag ataactacga tacgggaggg cttaccatct 1740 

ggccccagtg ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca 1800 

ataaaccagc cagccggaag ggccgagcgc agaagtggtc ctgcaacttt atccgcctcc 1860 

atccagtcta ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg 1920 

cgcaacgttg ttgccattgc tacaggcatc gtggtgtcac gctcgtcgtt tggtatggct 1980 

tcattcagct ccggttccca acgatcaagg cgagttacat gatcccccat gttgtgcaaa 2040 

aaagcggtta gctccttcgg tcctccgatc gttgtcagaa gtaagttggc cgcagtgtta 2100 
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tcactcatgg ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatgc 2160 

ttttctgtga ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg 2220 

agttgctctt gcccggcgtc aatacgggat aataccgcgc cacatagcag aactttaaaa 2280 

gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct caaggatctt accgctgttg 2340 

agatccagtt cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttactttc 2400 

accagcgttt ctgggtgagc aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagg 2460 

gcgacacgga aatgttgaat actcatactc ttcctttttc aatattattg aagcatttat 2520 

cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata 2580 

ggggttccgc gcacatttcc ccgaaaagtg ccacctgacg tctaagaaac cattattatc 2640 

atgacattaa cctataaaaa taggcgtatc acgaggccct ttcgtc 2686 

<210> 6 
<211> 17 
<212> DNA 

<213> M13C-20) forward sequencing primer (a) 



<400> 6 

actggccgtc gttttac 

<210> 7 
<211> 16 
<212> DNA 

<213> M13 (-21) reverse sequencing primer 
<400> 7 

aacagctatg accatg 

<210> 8 
<211> 24 
<212> DNA 

<213> M13 outer forward primer (-47) 
<400> 8 

cgccagggtt ttcccagtca cgac 

<210> 9 
<211> 24 
<212> DNA 
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<213> M13 outer reverse (-48) primer 



<400> 9 

agcggataac aatttcacac agga 



24 



<210> 10 

<211> 16 

<212> DNA 

<213> M13 forward sequencing (-20) primer (b) 

<400> 10 

gtaaaacgac ggccag 16 

<210> 11 

<211> 19 

<212> DNA 

<213> pGEMEcoRV primer 



<400> 11 

atcgcggttt gcgtattgg 



19 
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